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In a preliminary publication* I have shown the presence of patho- 
genic bacteria (predominately Staphylococcus albus and Staphylococcus 
aureus) in the air of the operating rooms of the Duke Hospital. Various 
regulations for reducing the numbers of these bacteria were described, 
the most important of which follow: 

1. Rigid isolation was practiced. No visitors were permitted; the 
personnel of the operating room was kept as small as possible, and no 


one was allowed to enter the rooms when they were not in use. 


2. Large, heavy masks were worn over the nose and mouth by all 


occupants at all times, regardless of whether an operation was in 
progress. 

3. All persistent carriers of Staph. aureus in the nose and throat 
were excluded, and important operative procedures were postponed 
when the contamination of the air was high. 

4. Scrupulous cleanliness was maintained by frequent washing and 
painting and by eliminating gir currents from other parts of the hospital. 

5. The concentration of bacteria in the air was diluted by “washing 
out” the room continuously during occupancy with a large amount of 
air, which was taken from outside the building, where there were few 
if any pathogenic bacteria, and was rendered practically free of non- 
pathogenic fungi, spores and gram-negative bacilli by washing and 
filtering in the air-conditioning system. 

In spite of all these precautions, there were rises in the contamina- 
tion of the air with pathogenic bacteria associated with an increase in 





From the Department of Surgery, School of Medicine, Duke University, and 
Duke Hospital. 

1. Hart, D.: Operation Room Infections: Control of Air-Borne Pathogenic 
Organésms, with Particular Reference to Use of Special Bactericidal Radiant 
Energy, Arch. Surg. 34:874-896 (May) 1937. 
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the number of carriers during and following epidemics of infection of 
the respiratory tract. In order to anticipate these periods of increased 
risk of infection, daily cultures of the air in the operating rooms were 
made. It was usually possible to identify the organism on the culture 
plate exposed to the air during an operation before the same organism 
was recovered from the wound in the occasional case in which infection 
occurred. 

A method of controlling this contamination of the air by the use 
of bactericidal radiation was described in the preliminary report. It was 
shown that Petri dishes of blood agar sprayed with the hemolytic Staph. 
aureus and exposed at the operative site could be sterilized within from 
one to three minutes and that at this point the number of bacteria drop- 
ping out of the air could be reduced by from 95 to 100 per cent. This 
intensity of radiation will not give the patient an appreciable burn dur- 
ing an exposure of ninety minutes.” 

As I anticipated, it was soon stated by some physicians that this 
contamination of the air was a local condition and that no pathogenic 
bacteria were present in the air of their operating rooms. Approxi- 
mately fifty surgeons in twenty-five states were asked to make cultures 
in the operating rooms in which they worked, in order to determine the 
extent and degree of this contamination of the air. Reports were 
received from thirty-two surgeons.* These covered thirty-seven operat- 
ing rooms in thirty-three hospitals located in seventeen states. The 
reports are summarized in the table and demonstrate conclusively the 
widespread, if not universal, presence of pathogenic bacteria in operat- 
ing rooms during occupancy. 

All cultures, unless otherwise designated, were made by exposing 
a Petri dish of blood agar to sedimentation from the air for one hour 
during an operation at points 5 feet (150 cm.) and 7 feet (215 cm.) 
from the operative incision and 3 feet (90 cm.) above the floor. These 
were incubated for forty-eight hours; photographs were taken and the 
colonies identified (figs. 1-4). The number of occupants and the dura- 
tion of occupancy before exposure were given in most reports. The 
state was given in all reports except one, in which it was specifically 
requested that the name be withheld. The table is incomplete in many 
respects, but this could not be avoided since there were wide variations 
in the reports sent in from the different hospitals. 

Because of the size of the table, important facts which are demon- 
strated might be overlooked. To emphasize the more important points, 


2. With reasonable care it is never necessary to expose any tissue for longer 
than this, even in an operation lasting for several hours. In 750 operations no 
special precautions were taken to protect the wound, and no patient received a burn. 

3. All names of doctors and hospitals have been omitted, since this was the 
request of the majority. 
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reference numbers I to X are given at the left side and the bottom of 
the table, and these points will be considered in the order given. 

I. Exclusive of bactericidal irradiation, air conditioning is the most 
important single means of reducing the bacterial content of the air in 


the occupied operating room (figs. 1 and 2). This reduction is brought 
about in two ways: 


Fig. 1—Four Petri dishes of blood agar exposed for one hour in four hos- 
pitals in occupied operating rooms which were supplied with washed and filtered 
air (incubated forty-eight hours) : A, North Carolina, hospital 1 (table) ; B, Illinois, 
hospital 2; C, New York, hospital 1; D, New York, hospital 2. It should be 
noted that a large percentage of these colonies are staphylococci, with few gram- 
negative bacilli and practically no fungi, since these have been removed by the 
air-conditioning system (fig. 3). (The bacterial count and identification are given 
in the table.) This figure may be compared with figure 2 which illustrates 
cultures made in operating rooms without air conditioning. The total number of 
colonies of pathogenic bacteria is relatively low, since many of the organisms had 
been removed from the room by efficient ventilation. 


(a) The organisms in the outside air (predominantly nonpathogenic, 
spores, gram-negative bacilli and fungi) are removed by the air-con- 
ditioning system (fig. 3). 











Hospital 
State 
Illinois. 1 
Illinois. 2 
Illinois. f 
New York. l 
New York 2 
North Carolina 1 
Massachusetts. 4 
Massachusetts. 2 
South Carolina 1 
South Carolina l 


Massachusetts. 1 
(Room A) 
Massachusetts. 1 
(Room B) 
Massachusetts. 1 
(Room C) 
Massachusetts. 1 
(Amphitheater) 


" Massachusetts. 1 
(Amphitheater) 
_  eeererere 2 
Virginia.... 1 
Alabama 1 
Alabama. 2 
Connecticut 1 
Indiana. 1 
Iowa... 1 
Kansas.. 1 
Maryland 2 
Maryland 1 
eeccecccese 1 
Minnesota 1 
(Room A) 
Minnesota.. 1 
(Room B) 
Missouri........ 1 
New York...... 
North Carolina 2 
North Carolina 3 
North Carolina 4 
North Carolina 5 
a 1 
Tennessee. 1 
Tennessee. 2 
Texas. . 1 
Texas. 3 
Virginia........ 2 


Dates 
of 


10/22/36 
ll/ 4/3 
10/27/36 
9/26/36 
11/ 4/36 


9/10/36 
10/ 1/36 


9/30/36 
10/ 7/36 
9/30/36 
10/ 7/36 
10/ 7/36 
10/ 7/36 
9/30/36 
10/ 7/36 
9/30/36 
10/ 7/36 
9/30/36 
10/ 7/36 
9/30/36 
10/ 7/36 
9/30/36 
10/ 7/36 
10/ 9/36 
11/ 6/36 
10/28/36 
9/24/36 
9/24/36 
10/29/36 
11/ 6/36 
11/../36 
2/11/37 
10/19/38 
9/28/36 
10/../36 
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10/ 1/36 
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10/ 1/36 
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11/../36 
11/ 4/36 
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60 min. 
60 min. 
10 min 


68 min 


120 min. 


1 min 


10 to 60 min 
9 
0 min 
53 min. 


40 min. 
60 min. 
60 min. 
60 min. 
180 min. 
Several 
hours 
60 min.+ 


120 min. 
120 min. 


? 
45 min. 
180 min. 


120 min. 
120 min.+ 
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(b) The organisms given off in the room by the occupants (pre- 
dominantly pathogenic, staphylococci and occasionally streptococci) are 
removed more rapidly by the clean, circulating air from an efficient 
ventilating system. 

II. Other things being equal, the number of pathogenic bacteria in 
the air of a room increases directly with the number of occupants and 





Fig. 2—Four Petri dishes of blood agar exposed for one hour in four occupied 
operating rooms which were not supplied with washed and filtered air (incubated 
forty-eight hours): A, Kansas, hospital 1 (table) ; B, Massachusetts, hospital 1; 
C, Texas, hospital 2: D, Virginia, hospital 2. Since the gram-negative bacilli, 
spores and fungi in the outside air have not been removed (fig. 3), they are mixed 
with the pathogenic bacteria given off by the occupants of the room. The 
pathogenic bacteria are also in greater concentration than in the room supplied 
by an efficient ventilating system. (The bacterial count and identification are given 
in the table.) This figure may be compared with figure 1. 


the duration of occupancy. Conversely, the bacterial count drops directly 
in proportion to the length of time the room is unoccupied and closed. 
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I have shown this also in previous publications * and have demonstrated 
repeatedly that the air in an operating room that has been closed for 
from fifteen to twenty hours is almost free of bacteria. In such a room 
few viable organisms can be stirred up by air currents from electric fans 
directed against the floor. 





Fig. 3—Removal of bacteria from the air by washing and filtering and 
contamination of the clean air by the occupants of the room. All plates were 
exposed simultaneously for one hour (A) at the intake for the ventilating system 
on the roof of the hospital, (B) in the washing chamber of the air-conditioning 
system, (C) at the opening of the supply air duct in the occupied room and (D) 
at the opening of the exhaust air duct in the occupied operating room and 
incubated for forty-eight hours at 37.5 C. It has been shown by repeated culture 
that the relatively nonpathogenic bacteria and fungi present in the outside air are 
removed by washing and filtering but that the air entering the occupied operating 
room is quickly contaminated with staphylococci. (Hart, Deryl, and Gardner, C. E., 
Jr.: Sterilization of the Air in the Operative Region with Bactericidal Radiant 
Energy, Tr. South. S. A. [1936] 49:376-401, 1936.) 


4. Hart, D.: Sterilization of Air in Operating Room by Special Bactericidal 
Radiant Energy, J. Thoracic Surg. 6:45-81 (Oct.) 1936; footnote 1. 
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III. A room with many occupants has a much higher bacterial count 
than an adjoining room with few occupants (fig. 4). This fact I have 
demonstrated repeatedly, and the situation is what would be expected if 
the pathogenic bacteria are given off by the occupants of the room. 

[V. A canopy over the sterile supply tables is of some value in 
cutting down the contamination of these supplies. This has been demon- 
strated by Truesdale ° and probably by many others. It seems unwise to 
allow sterile supplies to be exposed to sedimentation of bacteria for 
longer than one operation, and even during that time they should receive 
every protection that can be given. 

\V. Only one report made any reference to the prevalence of infec- 
tions of the respiratory tract. With four occupants of the operating room 





Fig. 4—Petri dishes of blood agar exposed for one hour at the same time of 
the year in the same hospital (not supplied with washed arid filtered air): (4) 
in the amphitheater, Massachusetts, hospital 1 (table), and (B) in a small operating 
room, Massachusetts, hospital 1, and incubated for forty-eight hours. There are 
three times as many colonies of bacteria on the Petri dish exposed in the amphi- 


theater as on that exposed in the smaller adjoining operating room, which had 
relatively few occupants. 


suffering from colds, the Petri dishes of blood agar exposed for one 
hour showed an average of 13.8 colonies of streptococci per Petri dish. 
Only this report stated an appreciable number of the organisms were in 
the air. It is my opinion that in an epidemic of infection of the respira- 
tory tract, during which the beta hemolytic streptococcus is present in 
many noses and throats, these organisms reach the wound and the sterile 
supplies by way of the air and cause the familiar flare-up in the incidence 
of infections. I have shown that the concentration of Staph. aureus 





5. Truesdale, P. E.: Operating Room Safeguards, Mod. Hosp. 23:19-21 (July) 
1924. 
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in the air of the operating rooms at Duke Hospital is proportional to the 
number of carriers present.’ 

VI. During the three weeks covered by the test, with heavy sedi- 
mentation of Staph. aureus from the air (cultures made in hospital 1 in 
a state whose name was omitted by request), three wounds were infected 
with this organism. For over two years I made daily cultures of the air 
in an attempt to anticipate any considerable rise in the contamination of 
the air with Staph. aureus, hemolytic or nonhemolytic. During the 
peaks of contamination of the air with this organism the danger of 
infection of wounds was definitely increased. 


VII. The total number of colonies of bacteria sedimenting from the 
air gives some idea of the degree of contamination of the air ® but is of 
less significance than the number of pathogenic organisms present. In 
this respect air conditioning, by removing most of the nonpathogenic 
organisms from the incoming air and only diluting the concentration of 
the pathogens in the room, gives more apparent than actual improvement 
in operating conditions. This statement is not intended to discredit air 
conditioning, which I consider extremely valuable for reducing the con- 
centration of the pathogenic organisms in the air and for eliminating the 
danger of infection from contaminated perspiration. 

VIII. The majority of the pathogenic bacteria reported were staphy- 
lococci. I have found that at times these organisms are present in the 
noses and throats of a high percentage of the population. The large 
number of carriers, together with the resistance of the organism to dry- 
ing, probably accounts for this preponderance. The air as a medium for 
transportation of these organisms to the wound has never received due 
consideration, probably for two reasons: 1. It has been said that the air 
can be ignored as a source of infection of wounds. 2. Because of the 
universal presence of these organisms on the skin, such infections of 
wounds are usually ascribed to poor technic in handlirig the skin. In my 
experience over 90 per cent of infections of wounds are caused by staph- 
ylococci. I am convinced that in most cases the infection is caused by 
dropping of the organisms in the air into the wound or on the sterile 
supplies that will enter the wound. 


IX. Streptococci were recovered from the air in relatively small 
numbers. This may probably be accounted for by the relatively few 
carriers and the susceptibility of the organism to drying. The organism 
is probably present in the air of the operating room in large numbers 
during epidemics of infection of the respiratory tract, when this organ- 
ism is present in many of the noses and throats. Infections of wounds 


6. From my experience it is fair to assume that in general the number of 
colonies reported from these cultures made during the fall are fewer than would 
be the case if the cultures had been made during the winter. 
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have been traced to carriers of streptococci. Because of the high 
incidence of streptococcic infections of wounds, many operating rooms 


were closed except for emergency cases during the influenzal epidemic 
of 1918, at which time a large proportion of the population were carriers 
of streptococci. I feel that at such times the streptococci most likely 
reach the wound and sterile supplies by way of the air. 

X. The group which includes all organisms other than staphylococci 
and streptococci is incomplete, since in many reports no attempt was 
made to identify and count the relatively nonpathogenic organisms. 

In the Duke Hospital, by sterilizing the air with bactericidal radia- 
tion, it has been possible to get an operative field from which less than 
one colony per Petri dish per hour of exposure can be cultured. With 
this technic unexplained infections in primary clean incisions have prac- 
tically disappeared. The postoperative course is far smoother ; the eleva- 
tion of temperature is much less and of shorter duration; there is less 
soreness in the wound, and the general systemic reaction is much less 
than when radiation is not used. 


CONCLUSIONS 


Pathogenic bacteria floating in the air and universally present in the 
occupied room are the greatest cause of infection in clean incisions in 
the modern, well run operating room. 

While air conditioning with forced ventilation is effective in reducing 
the amount of contamination of the air, it is highly desirable that the 
remaining organisms in the vicinity of the wound and the sterile supplies 
be killed. 

Bactericidal irradiation offers the most effective method of sterilizing 
the air at the present time and should be used to protect the region of the 
operation and the sterile supplies until some equally efficient and more 
desirable method is made available. 
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Orthopedic surgeons are familiar with acute osteomyelitis in chil- 
dren. It is a clinical entity so clearcut that the diagnosis in a typical 
case may be made with reasonable certainty. Nevertheless, in spite of 
the pioneer work done in an attempt to educate the general practitioner 
to consider its possibility, acute osteomyelitis is still treated under the 
mistaken diagnosis of rheumatism or rheumatic fever. It is, I think, 
the most poorly treated of all conditions requiring surgical treatment, 
and great damage is caused by delay in instituting surgical drainage. 

In the reports of cases of acute osteomyelitis, authors have frequently 
included cases of adults, and some have called attention to the fact that 
in these cases there was a “difference” in the onset and in the subsequent 
course. No one has had a large experience with such cases, and inquiry 
discloses the fact that physicians who have treated many patients with 
acute osteomyelitis have never observed a case in which the condition 
first appeared after active growth had ceased. Indeed, Robertson * 
stated: “This disease is to be found in its primary attack only up to 
the age at which the last epiphysis unites. It never occurs after fusion 
of the epiphysis.” 

The literature on acute osteomyelitis is enormous. I have found 
no article on the picture presented when the onset occurs in adult life. 
Indeed, I have found only one article, by Prass,” related to my subject ; 
it covered primary osteomyelitis in the aged, obviously an extremely 
limited field. 

The history of acute osteomyelitis in childhood is characteristic. 
The child is extremely ill. There is often preceding trauma, such as | 
contusion or sprain, to the affected parts, and the onset of symptoms 
occurs twenty-four or forty-eight hours later. There is usually a pre- 
ceding or concomitant cutaneous infection or sore throat. The patient 
complains of excruciating pain located near the end of a long bone. 





Read before the American Orthopedic Association at Lincoln, Neb., June 2, 
1937. 


1. Robertson, D. E.: Acute Septic Osteomyelitis, M. J. Australia 2:66, 1925. 


2. Prass, E.: Ueber primare Altersosteomyelitis, Deutsche Ztschr. f. Chir. 
236 :644, 1932. 
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The temperature is elevated, ranging from 104 to 106 F., and there 
may be associated chills. 

The patient is examined cautiously, and it is found that the neigh- 
boring joint is not involved. There is local sensitiveness at the site 
of infection in the bone, usually in the position of the metaphysis. The 
skin and the subcutaneous tissue may show slight edema and a pinkish 
tinge if the involved area of bone is superficial and the condition has 
existed for forty-eight hours or more. Cellulitis is not present at this 
stage. The white blood cell count is elevated to about 20,000, and the 
percentage of polymorphonuclear leukocytes is increased to 85 or 90. 

I have reviewed the records of 9 cases of acute osteomyelitis of 
the long bones of adults. Five of the patients in these cases were treated 
by me and 4 by three other surgeons. Seven of these were men and 2 
were women. Compound fracture and the sclerosing osteomyelitis of 
Garré were not included. The following data were obtained at the time 


of admission to the hospital : 


Weeks Rectal White Polymorpho- 
After Tempera- Blood Cell nuciears, 

Patient Sex Ag Onset ture, F. Count Percentage 

J. L. 39 3 100 10,600 

C. F. 3 3 104 29,200 

L. C. 3 103.4 17,750 

W. H. . 5 99.6 10,400 

P. W. ? 2 va 101.8 13,000 

om i 104 

i. &. 100 

A. L. } 3 3 99 

M. M. 2 1 ; 99 


Average i% 


ETIOLOGY 

There was a history of trauma in 3 cases. There was no vossibility 
of trauma in the other 6 cases. One patient dropped a case of beer on 
his thigh three weeks before the pain brought him to the hospital. The 
second dropped a heavy can, containing some liquid substance, on his 
ankle three weeks before he was seen by me. The third struck his thigh 
against a stepladder three weeks prior to seeking relief for the pain. 
There was no preceding infection or illness in 6 cases, sore throat in 
1 case, mammary abscess following lactation in 1 case and phlebitis 
following parturition in 1 case. 

The onset in children is fulminating. In adults the progress of 
the disease is slow and insidious but of gradually increasing intensity. 
(However, at times the onset in adults follows the pattern seen in chil- 
dren.) What is responsible for the difference in manifestation of acute 
osteomyelitis in the child and in the adult? If cases of compound frac- 
ture are omitted from consideration, there must be a positive blood 
culture at some stage in all cases of acute osteomyelitis, even though 
no organisms may be observed when culture is made. This is mentioned 
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here because many physicians and even surgeons feel that a positive 
blood culture represents an additional complication, whereas, since the 
lesion is metastatic, such a manifestation is a part of the picture at some 
stage of the disease. 


PATHOLOGY 


The pathologic changes are principally central and periosteal. The 
involved portion of the central canal is filled with granulation tissue 
and pus. 

If the lesion has existed for a long time this central granulation 
tissue becomes more fibrous. 

The disease may have its origin in the former metaphysial region, 
as is observed with children. It is more likely to be in the shaft, since 
there is a more evenly distributed supply of blood to the bone in adults 
than in children, whose vascular activity is concentrated in the region 
of greatest growth. 

The route of spread in the long bones of the adult is principally 
through the central canal, and the changes are more evident in the 
marrow cavity than in the osseous substance. 

The development of subperiosteal abscess in adult bone is unlikely, 
though pus may be localized about an area in which there is periosteal 
involvement. This is due to the more firm adherence of the periosteum 
to the cortex in fully grown bone, and the accepted theory of spread 
advanced by Choyce * and modified by Starr * does not apply. 

When the involvement is near the end of the bone in the cancellous 
substance there is a tendency to invasion of the neighboring joint. 
When new periosteal bone is produced it is light in texture and may 
be peeled off the outer part of the cortex readily. There may be pus 
formed about this area of periostitis. Eventually, after operation, the 
bone is restored to a relatively normal appearance, there being little gross 
distortion other than that incidental to operation. 

The disease may be localized in the medullary cavity without the 
usual diffuse involvement seen in childhood. 

There may be a local area of periosteal bone production with pus 
formation intimately associated with barklike thickening on the surface 
of the shaft. There may seem to be but little evidence of further dis- 
ease. Indeed, in 1 case I drained an abscess localized about the shaft 
of the femur and could not convince myself that the shaft should be 
opened, so slight was the reaction. Later I opened the medullary cavity 
for a considerable distance and found it filled with pus and granulation 
tissue. 


3. Choyce, C. C.: A System of Surgery, London, Cassell & Co., 1912-1915. 


4. Starr, C. L.: Acute Hematogenous Osteomyelitis, Arch. Surg. 4:567 
(May) 1922. 
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Sequestrum formation in these cases (I do not include cases of 
recurrence in which the onset was in childhood) must be an uncommon 
occurrence. In only 1 case was there a sequestrum necessitating 
removal, and it was small. 

The lesion may be in the shaft of the bone or at the end. The bone 
most likely to be involved is the femur, and the diseased area, the shaft. 

Starr concluded that the lesion usually has its onset in the meta- 
physial region and that when the medullary cavity is involved it is by 
backward extension through the haversian system. 

It is likely that trauma in the adult is as common as in the child. 
The invading bacteria, one may assume, are the same; therefore, the 
difference in location and spread of the disease is influenced by the 
difference in the architecture of the bones of adults and children. 

In children the vascular channels are more numerous, particularly 
near the ends of the long bones. When the growth disk disappears, the 
channels on the two sides of the barrier become continuous, and vascular 
activity in this region is diminished. 


Of 9 cases the culture showed Staphylococcus aureus in 7 and Strep- 


tococcus haemolyticus in 1. In the remaining case no organisms could 
be demonstrated at the time of operation, five months after onset. The 
infecting organisms had disappeared from the marrow cavity, though 
histologic evidence of chronic inflammation remained. The diagnosis 
in this case was not made until operation was performed five months 
after the onset. The characteristics of the disease in adults and in 
children may be summarized as follows: 
Children Adults 


Acute; fulminating Gradual 


Excruciating from the onset Marked but not well localized; 
increasing in intensity 


Temperature and white Very high Usually moderately elevated 
blood cell count 


Preceding infection and Usually present Usually absent 
trauma 


Roentgen findings....... Early picture normal; after Early picture normal; after 
several weeks extensive involve- several weeks involvement rela- 
ment, with sequestrums tively localized, without 

sequestrums 


Method of extension..... From metaphysis through Not through haversian system, 
haversian system, subperiosteal no subperiosteal abscess 
abscess 


SYMPTOMS 


Pain is the most constant symptom. It is less severe than that in 
children, though it is often intense. The temperature during the early 
days or weeks is either normal or slightly elevated. The white blood 
cell count in the early stage is but slightly elevated, and the increase 
in the percentage of polymorphonuclears is usually slight. Later the 
temperature may be high, reaching 104 F. or more, and the white blood 
cell count and the percentage of polymorphonuclears may be propor- 
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tionately increased. The lesion often assumes chronic characteristics 
before the correct diagnosis is made, even though the patient may have 
been under the observation of competent physicians. Less frequently 
the onset is fulminating. 

In the early stages roentgen examination shows no abnormality ; the 
pathologic picture appears more gradually than with children, requiring 
several weeks to several months for outstanding evidence of disease to 
be shown. The lesion is localized. There is spotty atrophy of the cortex 
over an area of several inches, and there is associated production of 
periosteal light bone over the same area if the shaft is involved. There 
may be destruction of the cortex presenting as an area of local erosion. 
At the ends of the bones one sees only spotty atrophy. The new 
periosteal bone produced has a laminated appearance at times and may 
be confused with an endothelioma. One does not encounter the exten- 
sive involucrums that are seen in children. At times roentgenograms 
have suggested a sequestrum, but in only 1 case did one develop. 


DIAGNOSIS 


The most important point in the diagnosis of osteomyelitis is to 
consider the possibility of its existence. One must not be too strongly 
influenced by the presence of a low blood cell count or by the absence 
of fever. Absence of local trauma does not militate against the diag- 
nosis. With a complaint of intense local pain over a bone, considered 
to be genuine, and with corresponding local sensitiveness without evi- 
dence of other disease or involvement elsewhere in the body, one must 
suspect acute osteomyelitis. An increase in this intense, boring pain 
in spite of palliative remedies entitles the patient to an exploratory 
operation. 

TREATMENT 


There is a tendency among certain surgeons toward a “laissez faire” 
attitude even with children, based on the hope that there will be locali- 
zation of an abscess which may be drained. I do not approve of this 
attitude. When one has seen acute osteomyelitis in a child a few hours 
after the onset and has operated on the child, drilling the bone, and the 
lesion has healed without sequestrum formation, one contrasts that pic- 
ture with another observed two weeks after onset, in which three fourths 
of the shaft is involved and the child is subjected to a number of sub- 
sequent operations, with hospitalization and added expense, before 
complete healing ensues. The same thought occurs when one finds 
involvement of one bone neglected and multiple foci in other bones 
occurring as a sequel. There seems to be no tendency to metastatic 
involvement from the original bone focus in adults. One must remem- 
ber that acute osteomyelitis is a serious condition and that death may 
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result from an overwhelming infection. The treatment employed by 
me in all cases has been the Orr method, which is the most comfortable 
and economical for the patient. It requires the least amount of hospi- 
talization. The operative procedure for adults should be the removal 
of a window of cortex about 1 or more inches (2.5 cm.) long and % 
or 3% inch (1.3 to 2 cm.) wide instead of the simple drilling carried 
out for children. The only objection to Orr’s method is the odor that 
is present during convalescence. This is offset by its many advantages. 


REPORT OF CASES 


Case 1.—J. L., a man aged 39, was first seen at the Mount Vernon Hospital 
on Jan. 19, 1935, complaining of pain in the left thigh and leg. Three weeks 
previously he had “turned” the left leg and felt some pain in the region of the knee 
At this time he also dropped a case of beer on the left foot. The pain continued. 
There was no redness, heat or swelling. 

Examination showed that the patient was not ill. The rectal temperature was 
100 F. The pulse rate was 75, and the white blood cell count was 10,600, with 
67 per cent polymorphonuclears. There was sensitiveness indefinitely located about 
the left thigh on the medial and the lateral aspect. There was no discoloration or 
infiltration. The circumference of the two thighs was identical. The roentgeno- 
gram showed no abnormality. After two days the, patient was discharged. The 
temperature had varied from 99.4 to 100.8 F. It was my impression that he 
had rheumatism. 

He returned to the hospital on January 29 because the pain had increased He 
was sensitive to deep pressure over the lower third of the left femur. There were 
no signs of infection of the soft parts. The temperature was 99 F. The white 
cell count was 15,600, with 85 per cent polymorphonuclears. The sedimentation 
rate was 18 mm. in twelve minutes. 

The roentgenograms taken at the time of this admission showed slight produc- 
tion of new periosteal bone with cortical involvement affecting the femoral shaft 
near the junction of the middle and lower thirds (fig. 1). 

I operated on the patient two days after the second admission. The affected 
area was found to consist of new, heaped-up periosteal bone of slight degree with 
perhaps a drachm (3.7 cc.) of thick pus about it. This was drained. I could not 
convince myself that the bone should be opened. Culture of the pus showed 
Staph. aureus. 

No relief was obtained, and on February 3 I explored the femur through a 
long lateral incision. At this time the temperature was 103.2 F. A drill hole 
just above the external condyle showed pus. Another drill hole 8 inches (20 cm.) 
higher revealed pus in the medullary cavity. The lateral wall of the femur was 
removed, leaving a trough 8 inches (20 cm.) long. The cortex was found softened. 
The medullary cavity was found filled with pus and granulation tissue. The Orr 
treatment was carried out. 

At the time of the second operation the knee joint was found distended. It was 
deemed wise not to open it. 

The first dressing was done on February 26. The wound was found filled with 
clean red granulation tissue. 

The temperature remained irregularly elevated. Numerous blood cultures 
yielded Staph. aureus. The patient received five transfusions, and when he left 
the hospital, on April 22, the wound was healing. There was undoubtedly invasion 
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of the knee joint. He was walking with crutches. The knee was relaxed and 
painful. He was given a long caliper brace. 

On July 25 he was readmitted to the hospital for a third time, and he remained 
under observation for a few days. The temperature was normal. 

When the patient was seen in the clinic in January 1936, the left knee showed 
slight local elevation of temperature, but there were no other inflammatory signs. 
The knee could be flexed to 90 degrees and extended to 180 degrees. The brace 
had been discarded, and the patient was comfortable and working. 


Case 2.—C. F., a man aged 32, was first seen at the Mount Vernon Hospital 
Sept. 19, 1930, because of pain in the left ankle. The onset was insidious. The 














l 








Fig. 1—Acute osteomyelitis of the left femur, showing localized destruction 
and periostitis. 


temperature was 104.6; the pulse rate was 120; and the white blood cell count was 
29,200, with 94 per cent polymorphonuclears. Three weeks previously a large can 
containing liquid had fallen on the patient’s left ankle. At the time of admission 
the pain in the left ankle was intense. The patient was acutely ill. 

Examination showed the left ankle to be swollen and red. There were local 
heat and fluctuation in front of the malleoli. There was extreme sensitiveness in 
this region. 

The roentgenogram showed no essential abnormality. A diagnosis of acute osteo- 
myelitis was made, and the patient was operated on immediately after the examina- 
tion. The ankle was opened through several incisions. Four. ounces (120 cc.) 
of thick pus was evacuated. Through and through drainage was established. The 
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top of the astragalus was found denuded as was the lower end of the tibia, including 
its articular surface. The culture yielded Staph. aureus. 

The urine showed numerous casts and red blood cells. Blood cultures showed 
Staph. aureus. 

The patient was given transfusions without avail. The temperature after 
operation declined gradually. It remained at 102 F. for several days. Prior to 
death it rose abruptly to 108 F. Death occurred on September 28. 


Case 3.—L. C., a man aged 38, was admitted to the Mount Vernon Hospital 
on July 4, 1935. Nine days previously he had had a sore throat. He had had fever 
at this time and had been kept in bed for three days. On the day of onset the 
patient had a chill and noticed pain in both thighs. The pain in the right leg 
continued. The pain in the left leg subsided spontaneously. The pain was in 
the thigh. It did not radiate. It was dull, aching and constant. It was made 
worse by movement of the extremity. 

Examination showed the patient to be in good condition. The right thigh 
was swollen just above the midportion. In this region, for 4 or 5 inches (10 or 
12 cm.), on the lateral aspect, there was sensitiveness to deep pressure. The soft 
parts were tense, but picking them up between the examining fingers did not 
cause pain. There were no enlarged glands in the groin. The knee and the hip 
were normal. The temperature was 103.4 F. The white blood cell count was 
17,750, with 89 per cent polymorphonuclears. A diagnosis of acute osteomyelitis 
of the right femur was made, and immediate operation was advised. The patient 
would not consent. 


Roentgenograms showed a slight elevation of the periosteum below the lesser 
trochanter. 

On July 5 the patient was operated on. The thigh was explored through a 
long lateral incision. The superficial muscle fibers were red and normal. The 
deeper fibers of the vastus externus were pale. After the structures had been 
split down to the bone, pus was encountered, and 4 ounces of thick pus was 
evacuated. At this time a pure culture of Str. haemolyticus was obtained. The 
periosteum was found injected. It was friable and peeled back easily. Several 
drill holes were made into the medullary cavity. The cortex was softened and 
white, but no pus exuded from the holes. The wound was packed with petrolatum 
gauze, and over the dressings a plaster of paris bandage was applied from the 
toes to the groin. A blood culture was negative. 

The patient’s temperature gradually returned to normal, and his further course 


was uneventful. When he was last. seen on November 12, his recovery was 
complete. 


Case 4.—W. H., a man aged 22, was first seen by me at the Mount Vernon 
Hospital Oct. 24, 1933. He complained of pain in the right arm of six weeks’ 
duration. The pain was growing progressively worse. There was no preceding 
illness or injury. He had lost 9 pounds (4.1 Kg.) since the onset. There were 
no chills or fever. The pain was localized in the midportion of the arm. 

Examination showed him to be in poor condition. There was a fusiform swelling 
of the right arm just above the midpoint. There was no local heat in this region, 
but there was sensitiveness over the midportion. The skin was not adherent. There 
was no infiltration of the soft parts. The temperature was 99.6 F. The white 
blood cell count was 6,200, with 77 per cent polymorphonuclears. The sedimenta- 
tion time was fifty minutes. 

Roentgen examination showed an area of rarefaction 2 inches (5 cm.) long, 
involving the middle third of the humerus. There was involvement of the medul- 
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lary canal but no expansion of the shaft. Slight periostitis was evident about 
the lesion. A Wassermann test of the blood was negative. The urine showed no 
Bence-Jones protein. The diagnosis lay between localized osteomyelitis and 
endothelioma. 

Further roentgenograms were taken, which showed progression of the elements 
noted in the original films (fig. 2). The films were submitted to a group of 
physicians interested in tumors of the bone, who felt that irradiation, which had 
been started, should be continued; they advised definitely against operation. 

















Fig. 2.—Acute osteomyelitis of the right humerus, showing local destruction 
with localized periostitis. 


The patient’s temperature became slightly elevated and reached 101.6 F. The 
circumference of the right arm was 9% inches (22 cm.) on admission; three weeks 
later the circumference was 10% inches (25 cm.). On this date the white blood 
cell count was 10,400, with 64 per cent polymorphonuclears. 


The patient’s pain, which became more severe, was not completely relieved by 
opiates. 
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On November 6 the humerus was explored. The periosteum was found thick- 
ened, and pus was present about it. The cortex of the bone was softened. A 
window was cut from the humerus in the affected area. Pus and granulation tissue 
were found in the medullary cavity. Drill holes were made into the medullary 
cavity above and below this window, which was 1% inches (4 cm.) long, and 
4 ounce (14.8 cc.) of thick pus was evacuated. The Orr method was used. 

Culture of the pus showed a pure growth of Staph. aureus. 

The patient was last seen on Jan. 28, 1934. At this time he had no symptoms 
referable to the arm. Examination showed cardiorenal disease with incipient 
decompensation. Efforts to trace him later were unsuccessful. 


Case 5.—P. W., a woman aged 32, was seen Sept. 26, 1931, because of pain in 
the right knee. The patient had been delivered of a child on July 14. The labor was 
uncomplicated. Six weeks later an abscess developed in one of the breasts. This 
was incised and drained. On September 10 she complained of pain in the right 
knee. An excess of fluid was found in the knee at this time. The rectal tempera- 
ture was elevated to 101.8 F. The pain and swelling subsided in the knee but later 
recurred. 

When the patient was seen by me, the right knee was swollen. It was in 
full extension and could be flexed to 70 degrees. There was an excess of fluid 
in the knee joint, especially in the quadriceps pouch. There was sensitiveness 
generally about the knee, especially about the femoral condyles (and particularly 
the medial condyle). The temperature was 103 F. The pain was acute and was 
localized at the knee. 

Roentgen examination of the knee and the lower half of the femur showed no 
abnormality. The white blood cell count was 13,000, with 78 per cent polymorpho- 
nuclears. Morphine did not relieve the pain. 

On September 30 aspiration was done, and turbid fluid was removed from the 
knee. The puncture wound was sealed with collodion, and the lower end of the 
femur just above the medial condyle was explored. The periosteum was reddened 
and injected. It was split, but no pus was encountered. Drill holes were made into 
the cancellous bone in this region, and at a depth of 1%4 inches (4 cm.) thick, 
creamy pus was encountered. It was under tension and was pulsating. A window 
was cut into the cortex above the inner condyle; the wound was packed with 
petrolatum gauze, and plaster of paris was applied. 

Culture from the pus showed a pure growth of Staph. aureus. 

On October 8 it was necessary to drain the knee through a lateral incision. 
Four ounces (118.3 cc.) of thin pus was evacuated. Culture of this pus also 
showed Staph. aureus. The wound was packed loosely with petrolatum gauze, 
and four Carrel tubes were sewed into it. An aluminum splint was applied 
posteriorly. 

The patient was given several transfusions. The further course was uneventful, 
and she made a complete recovery, a normal range of motion in the knee being 
restored. 


Case 6.— D. T., a man aged 45, a dentist, was first seen by Dr. Samuel Jahss 
on March 17, 1931. The onset had occurred six weeks previously, with pain in 
the right groin. There had been no preceding illness or injury. There were sharp 
pain, fever and chills. At this time the white blood cell count was 22,800, with 
87 per cent polymorphonuclears. 

Roentgen examination, on March 22, of the right hip and femur showed no 
abnormality. 
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Roentgen examination of the same area on March 31 showed mottling of the 
upper third of the femur, with medullary destruction extending from the greater 
trochanter down the shaft for 3 inches (7.5 cm.). There was slight cortical involve- 
ment (fig. 3). 

Culture of the blood on a number of occasions showed Staph. aureus. 

On March 23 operation was performed and drainage instituted for what was 
thought to be gluteal myositis. The patient was given a number of transfusions. 

Roentgenograms of April 4 showed more extensive involvement, with some 
periosteal new bone. 

On April 13 the shaft of the right femur was saucerized from the tip of the 
greater trochanter downward through two thirds of the shaft. The upper third 

















Fig. 3—Acute osteomyelitis of the right femur, showing spotty atrophy of the 
upper portion of the shaft. 


of the medullary cavity was found filled with pus and granulation tissue. The Orr 
treatment was carried out, a plaster of paris spica being used. 

Culture of the pus showed Staph. aureus. The patient was readmitted to the 
hospital several times for dressings and new plaster of paris spicas. 


Case 7.—I. R., a man aged 60, was first seen by Dr. Samuel Jahss on June 12, 
1934, in the outpatient department of the Hospital for Joint Diseases. He com- 
plained of a dull ache above the right knee, which had been present for four weeks. 
Just prior to the onset he struck the right knee against a ladder. The “aching” 
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followed, continuing day and night. At first he did not pay much attention to it. 
He used home remedies but obtained no relief. The pain increased so much that 
he could not sleep. The throbbing became severe. 

Examination showed the right knee to be flexed. The lower end of the femur 
was thickened. There was local sensitiveness to pressure on both the medial and 
the lateral aspect of the lower third of the femur. The inguinal glands were not 
enlarged. The temperature on admission was 100 F. The white blood cell count 
was 8,900, with 65 per cent polymorphonuclears. The temperature rose to 102.4 F. 

















Fig. 4.—Osteomyelitis of the right femur, showing local destruction with 
sequestrum and periostitis. These roentgenograms were made in the only case in 
which a sequestrum was found. 


Roentgen examination showed an ovoid osseous abscess 4 inches (10 cm.) above 
the lower end of the femur. In the cavity was a small sequestrum (fig. 4). There 
was light periostitis about the involved area. Operation was planned for the next 
day but was deferred because of a mild infection of the respiratory tract. 

Operation was performed June 27. The femur was exposed at its lower end 
on the medial and the lateral side. Eight ounces (240 cc.) of pus was evacuated 












ve 
re 
xt 


nd 


ZADEK—OSTEOMYELITIS OF LONG BONES 543 











when the deep muscles were split. The cortex was found roughened. The marrow 
cavity was found filled with pus and granulation tissue. Culture of material from 
the femur showed a pure growth of Staph. aureus. The opening into the bone was 
seen in the roentgenogram to be filled with granulation tissue. A small sequestrum 
was found in the cavity. The shaft was opened for 4 inches (10 cm.) and the 
wound was packed with petrolatum gauze. Plaster of paris was applied from the 
groin to the ankle. After a few days the plaster of paris bandage was removed, 
and Russel skin traction was applied because of a pathologic fracture. Carrel 
tubes were inserted. Diluted solution of sodium hypochlorite was instilled into the 
wound. There was considerable bleeding from the wound, apparently from granu- 
lation tissue. The wound had become contaminated by maggots. On July 19 the 
petrolatum gauze packing was reinserted. On August 8 pockets of pus about the 
wound were evacuated. 

Roentgen examination on July 7 showed an oblique fracture of the femur at 
the junction of the middle and the lower third, with overriding. The bone in the 
affected area showed the spotty atrophy of infection in both fragments. 

Blood culture on July 25, 1934, showed Staph. aureus. On July 31 the white 
blood cell count was 19,200, with 54 per cent polymorphonuclears. - 

Roentgenograms of August 2 showed extension of the osseous involvement into 
the fragments of bone. The alinement was fair. 

The patient was given numerous transfusions, but he lost ground. He died 
on August 18 of sepsis and bronchopneumonia. 



































Case 8—A. L., a man aged 31, was first seen by Dr. John B. Stevens, of 
Syracuse, N. Y., on Aug. 12, 1935, complaining of pain in the upper part of the 
right thigh. He had noticed sudden pain in the right thigh three weeks previously, 
when diving from a raft. He thought he had sprained his leg. He described the 
pain at the time of examination as boring and constant. It was worse at night. 
It was not increased by active use of the leg. At this time he had no fever. The 
physical examination showed no abnormality except tenderness to deep pressure at 
the junction of the upper and the middle third of the thigh. There was no local 
swelling, nor were there any inflammatory signs. He had lost 10 pounds (4.5 Kg.). 
The hip and the knee joint were free. The temperature was 99 F., and the white 
blood cell count was 10,600, with 72 per cent polymorphonuclears. 

The roentgenogram showed spotty involvement of the femoral shaft at the 
junction of the middle and the lower third, with destruction of bone and light local 
new periosteal bone formation (fig. 5). 

Operation was performed Aug. 14, 1935. An area of rough, sclerotic bone 
was encountered. As this was removed, a drachm (4 cc.) of pus was evacuated. A 
gutter was cut into the femur. The wound was packed with petrolatum gauze. 
Culture of the pus yielded Staph. aureus. 
The postoperative course was uneventful. 


















Case 9.—M. M., a woman aged 19, was first seen by Dr. Harry Finkelstein Dec. 
28, 1936, at the Hospital for Joint Diseases, complaining of pain in the right hip. 
She stated that she had gone through a normal gestation and had been delivered 
of a small baby on August 9. Three days after delivery she noticed severe pain in 
the right hip, for which she was treated with a baking lamp. (The records of the 
hospital stated that she had postpartum phlebitis in the right groin.) She had fever 
at this time, the temperature rising to 103 F. and remaining elevated for a week. 
She was discharged from the hospital where she had been confined after two weeks, 
but she had to go to bed at home because of the pain. She remained in bed for 
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five weeks. She sought relief from the pain and entered another hospital, where 
she remained for three weeks. Roentgenograms were taken and other tests were 
carried out. She was told she had a “hole in the bone” but was given no treatment. 
When she went home she was forced to go to bed. 

Examination on admission to the Hospital for Joint Diseases showed that the 
right knee and hip were flexed. The hip was in slight outward rotation. It could 
be flexed to 90 degrees and extended to 150 degrees. It could be abducted to 25 
degrees and adducted to 30 degrees. No internal rotation was permitted. 

















Fig. 5.—Acute osteomyelitis of the right femur, showing destruction and new 
localized periosteal production of bone. 


A roentgenogram taken on December 30 showed the joint space of the hip to 
be narrowed. There was osteoperiostitis in the proximal third of the femur, asso- 
ciated with spotty areas of rarefaction. 

The temperature on admission was 99 F. The white blood cell count was 8,000, 
with 52 per cent polymorphonuclears. The temperature later rose to 102 F. on 
occasion but for the most part remained at about 100 F. The white blood cell 
count on Jan. 19, 1937, was 11,400, with 65 per cent polymorphonuclears. The 
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sedimentation time was fifty-two minutes on Dec. 28, 1936, and thirty-four minutes 
on Jan. 19, 1937, the normal value being forty-five minutes. 

Operation was performed on February 4. The upper end of the right femur 
was exposed through a lateral incision. A large window was cut in the greater 
trochanter. No pus was found. The bone was softened. Material for culture 
was sent to the laboratory, as was the specimen of bone. The wound was closed 
without drainage. The culture showed no growth. The specimen of bone showed 
that the marrow was fibrosed and infiltrated by chronic inflammatory cells. There 
were large vascular channels in the marrow. Dr. H. L. Jaffe’s diagnosis was 
chronic nonsuppurative osteomyelitis. 



































SUMMARY 





AND CONCLUSIONS 





1. Acute osteomyelitis of the long bones of adults presents a picture 
different from that usually seen in children. 


2. The onset is insidious, and development of the lesion is gradual 4 
in all but exceptional cases. 


3. The pain is not so acute as in children and not so well localized. 
Pain is the most constant symptom and usually after many days or 
weeks is extremely acute. 


4. The roentgenographic picture is different from that in children and 
may be confused with that of endothelioma. 


5. The temperature and the blood cell counts are not so high as one 
might expect. 


6. The lesion involves principally the marrow and the periosteum. 
There are spotty atrophy of the cortex and formation of light new 
periosteal bone if the lesion is in the shaft. 


7. The lesion tends to be localized, without formation of sequestrums 
or involucrums. 


8. Operation is indicated as soon as one suspects the presence of i 
acute osteomyelitis. i 


9. Preceding infection elsewhere in the body is not usual. 
10. There is usually no history of trauma. 


11. The amount of pus present may be slight and may be encoun- 
tered about the thickened periosteum before the shaft is opened. J 


12. Extensive saucerization is not usually indicated. 
13. There is a tendency to involvement of the neighboring joint. 


14. As with children, the involvement in adults is preponderantly 
among male patients. i 


15. The most important point in the diagnosis is the suspicion of the | 
presence of the disease. 


16. There seems to be no tendency to metastatic involvement. 


FIBRIN STONES 


REPORT OF FOUR CASES 


CHESTER D. ALLEN, M.D. 
AND 
JOHN W. RAGSDALE, M.D. 
MEMPHIS, TENN. 


Renal calculi have been studied and their cause sought by a host 
of interested workers during the past several years. The brilliant inves- 
tigations of Dr. Randall and his co-workers? have clearly pointed out 
the morbid processes in the formation of one type of renal stone. That 
there are other pathologic processes capable of producing renal calculi 
is plainly evident since the resulting bodies in the renal pelvis vary in 
composition and physical properties. The following 4 cases are sub- 
mitted because the calculi were strikingly similar and appeared to present 
serial installments of identical pathologic processes. It is admitted that 
4 cases are too few to justify dogmatic conclusions, yet only by the 
reporting of all cases of this kind will material be made available for 


further study. 


REPORT OF CASES 


Case 1—M. J. Z., a white man aged 43, had his first attack of pyelitis in 
1934 and passed bloody urine on two occasions thereafter without urinary 
disturbance. The general physical examination, the blood count and the Wasser- 
mann test gave essentially normal indications. Two urinalyses showed no abnor- 
mality, and a third showed 15 white blood cells per high power field and a trace 
of albumin. The prostate was moderately enlarged, soft and boggy; the vesicles 
were palpable, and the prostatic smear showed from 13 to 25 white blood cells 
per oil immersion film. Cystoscopy revealed granular chronic posterior urethritis 
with polyp of the verumontanum and a moderate median bar. The mucosa of the 
bladder was normal. No obstruction was noted in either ureter. The capacity 
of the pelvis of the right kidney was 20 cc.; urine from this kidney showed 5 
white and 10 red blood cells per high power field and a faint trace of albumin, 
and the stained smear of the urinary sediment showed no bacteria. The capacity 
of the pelvis of the left kidney was 30 cc.; urine from this kidney showed 5 
white and 3 red blood cells and a faint trace of albumin, and the stained smear 
of the urinary sediment showed no bacteria. The plain roentgenogram of the 
kidney, ureter and bladder showed both kidneys in normal position and no opaque 
shadows suggestive of stones. Pyelograms revealed rather large pelves with 


1. Randall, A., and Melvin, P. D.: Morphogeny of Renal Calculus, J. Urol. 
37:737-745 (June) 1937. Randall, A.; Eiman, J. E., and Leberman, P. R.: 
Studies on Pathology of Renal Papilla: Relationship to Renal Calculus, J. A. 
M. A. 109:1698-1702 (Nov. 20) 1937. 
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normal minor calices. Neither pelvis emptied normally. The patient was treated 
by prostatic massage and urethral irrigations. The polyp was fulgurated and 
the bar resected. The patient’s condition improved markedly. 

He was readmitted to the hospital on July 3, 1935, because of gross hema- 
turia. Physical examination showed no abnormality. Cystoscopic findings were 
as follows: The neck of the bladder was healed; no bar was present; the right 
ureteral opening was swollen; bloody urine was escaping, and there was no 
obstruction in the ureter. The capacity of the right pelvis was 30 cc. The plain 
roentgenogram of the kidney, ureter and bladder with a catheter in the right 
ureter showed three faintly opaque masses of irregular shape lying near the 
tip of the catheter. The pyelogram revealed the right pelvis to be slightly 
larger than average with normal minor calices. The ureteropelvic junction was 
dilated to about twice the normal size. Occupying the interior of the pelvis was 
an irregularly shaped negative filling defect, but the filling defect itself was much 
larger than the faintly opaque shadows. This pyelogram was checked twice 
with identical findings (fig. 14). On July 10 the right kidney was explored 
for papilloma of the right pelvis. The pelvis, on being opened, was found to be 
be filled with what was assumed to be a new growth, and a nephrectomy was there- 
fore performed on the right. The patient’s convalescence was uneventful, and 
there was no recurrence of the hematuria. The patient was seen within three 
months of the writing of this report and was in good health. 

The pathologist’s report follows: 


“Microscopic Description—The kidney had been incised when received at this 
laboratory. A mass measuring 3.1 by 1.3 by 0.8 cm. in its greatest thickness 
was present in the pelvis. The mass was dull gray and soft on palpation and 
cutting. A second mass, similar to the first, measured 1.2 by 1.1 by 0.7 cm. 
This mass showed moderate calcification. The pelvis of the kidney showed some 
infiltration by adipose tissue. The mucosa of the renal pelvis, especially its 
lower half, showed considerable congestion. The renal parenchyma showed no 
gross pathologic changes. 


“Macroscopic Description—In the glomeruli no pathologic change was demon- 
strable. A number of the tubules contained a pink-staining material suggesting 
casts. Sections of the mass in the renal pelvis showed no definite cellular 
structure or nuclei. The material took a light pink stain. Several deep-staining 
small areas had the appearance of an early stage of calcification. 

“Diagnosis.—There was noncellular débris in the renal pelvis, some of it 
beginning to calcify. The renal pelvic area showed some infiltration with fat. 
Inflammation of the renal pelvis was present. The condition was not malignant.” 
(Fig. 1B). 

A reexamination was reported as follows: 


“Microscopic Description—The mass in the renal pelvis consisted of unor- 
ganized débris. The structure appeared to contain occasional blood cells show- 
ing marked degenerative changes. No tumorous tissue was recognized. In the 
area of the pelvis of the kidney some adipose tissue was shown; there was a 
large number of leukocytes, plasma cells and fibroblasts; fibrous tissue and edema 
were present. 

“Diagnosis——Papilloma of the renal pelvis was not observed. The material 
had the appearance of markedly degenerated débris and blood cells. The renal 
pelvis was infiltrated with adipose tissue, and chronic inflammatory changes and 
fibrosis were present in this area.” ? 
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Case 2.—F. R. R., a white man aged 43, was admitted on March 11, 1936, 
because of tenderness in the right costovertebral angle, fever and pyuria. Three 
months previously he had had pneumonia. During convalescence marked tender- 
ness in the left costovertebral angle and pyuria had developed. Urologic 
investigation had disclosed a rather large stone in the left renal pelvis and pyelo- 
nephritis on the left. The right kidney had been found normal. The stone, too 
large to be passed, had been removed by pelviolithotomy. The convalescence had 
been stormy, complicated by an acute attack of pyelonephritis on the right which 
necessitated catheterization of the right ureter and irrigation of the pelvis. 
Twenty-four hours prior to the current admission chills, fever and marked sore- 
ness of the right kidney had developed. 


Fig. 1 (case 1).—A, right pyelogram showing a mass filling the right pelvis. 
B, high power photomicrograph of the mass of fibrin removed from the right pelvis. 


The general physical examination showed no abnormality except for soreness 
of the right kidney, fever and pyuria. Cystoscopy revealed marked inflammation 
of the neck of the bladder and of the mucosa. The urine in the bladder contained 
free pus. The capacity of each renal pelvis was 18 cc. Urine from the right 
kidney contained 100 plus white and 8 red blood cells and gave a 4 plus reaction 
for albumin. The stained smear revealed a gram-positive coccus, which proved 
to be a short chain streptococcus. Urine from the left kidney contained 50 plus 
white and 8 red blood cells and a trace of albumin, and the stained smear 
revealed a gram-negative bacillus. On culture this organism proved to be 
Bacillus coli. The plain roentgenogram of the kidney, ureter and bladder showed 
both renal shadows to be in their normal position, In the region of the right 
pelvis there was a faint oval shadow 1% by % inch (3.8 by 2.2 cm.). This mass 
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appeared to be laminated. The pyelogram showed the right pelvis to be larger 
than normal; the minor calices were slightly blunted and dilated, with the ureter 
joining the pelvis at its lowest point. There was a distinct impression of thick- 
ening of the pelvic and ureteral walls. The faintly opaque oval shadow appeared 
as a negative filling defect in the pyelogram and was seen to occupy the renal 
pelvis (fig. 2A). There was marked pelvic stasis. The left renal pelvis was 
larger than normal. Many of the minor calices were dilated and blunted. The 
ureter was not abnormal. Marked pelvic stasis was present. Analysis of the 
blood showed 34 mg. of nonprotein nitrogen, 15 mg. of calcium and 5.5 mg. of 
phosphorus per hundred cubic centimeters. There was 30 per cent excretion of 
phenolsulfonphthalein during the first hour and 10 per cent during the second 


Fig. 2 (case 2).—A, right pyelogram showing a mass in the right pelvis. 
B, high power photomicrograph of the mass removed from the right pelvis. 


hour after administration. The infecting organisms did not have the power 
to split urea. The basal metabolic rate was +3 per cent. Pelviolithotomy on 
the right was performed on July 28. The urine was still infected at the time of 
discharge despite all efforts at eradication of the infection. The stone or mass 
removed from the right pelvis was soft and putty-like with rounded margins; no 
calcification could be identified by inspection and palpation. 

The pathologist reported as follows: 


“Macroscopic Description—The specimen consisted of a mass of material 
removed from the right renal pelvis and measured 3.7 by 3.2 by 1.2 cm. It was 
yellowish white with small blood-tinged areas on the surface and had the con- 
sistency and appearance of a piece of putty. On being cut into sections, the 
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specimen showed lamination; the center was yellowish white, the next layer 
light brownish yellow and the outer part yellowish white. 


“Microscopic Description—Considerable fibrin and degenerated débris were 
present. No other cellular elements were shown. Beginning calculous islands 
were shown in many areas. 


“Diagnosis—The material from the right renal pelvis contained no malig- 
nant tissue and showed no evidence of tuberculosis” (fig. 2B). 


Case 3.—J. A. W., a white man aged 46, had his first attack of bilateral 
pyelonephritis in 1927. In spite of constant treatment by competent urologists 
this condition had progressed. In 1935 a stone was removed from the lower 
portion of the right ureter, and in 1936 a large calculus was removed from the 
bladder. He had remained well after a cystolithotomy until the early spring 
of 1937, when he began to suffer from chills, fever, pain, soreness in the left 
kidney and marked pyuria. On admission, on June 10, 1937, his temperature 
was 102 F., and his pulse rate 108. The leukoctye count was 14,000, with 83 
per cent polymorphonuclears, the hemoglobin 50 per cent, the erythrocyte count 
2,820,000 and the nonprotein nitrogen content of the blood 34.9 mg. per hundred 
cubic centimeters. Analysis of the urine showed alkaline reaction, albumin (4 
plus) and 100 plus white and 15 red blood cells per high power field. Marked 
tenderness was present in the left costovertebral angle, and the left kidney was 
sore when palpated. Cystourethroscopy revealed marked cystitis with pus escaping 
from the left ureteral opening. On introduction of a catheter into the left 
renal pelvis, a large quantity of thick, foul-smelling pus escaped. Drainage 
of the left renal pelvis by catheter was instituted; two blood transfusions were 
given, and fluids were forced intravenously. Under this regime there was 
symptomatic improvement. Roentgen studies revealed the right renal shadow 
to be small. In the region of the left renal pelvis was seen an indefinitely 
shaped mass of faint density. The retrograde left pyelogram showed the opaque 
mediums distributed throughout the renal pelvis in an irregular manner. The 
left renal pelvis was evidently large and filled with some sort of material 
(fig. 3A). After 20 cc. of diodrast was given intravenously, roentgenograms 
of the kidney, ureter and bladder made at ten, twenty, thirty and forty minute 
intervals, showed a small, atrophic right kidney with a small renal pelvis. The 
shadow of the left kidney was large, and the diodrast was excreted poorly by 
this kidney. There was a faint outline of the right renal pelvis in the thirty 
minute film and none of the left renal pelvis in the forty minute film. A 
recheck of the nonprotein nitrogen content showed it to be within normal limits. 


On June 21, 1937, with the patient under spinal anesthesia, the left kidney 
was exposed. The left renal capsule was greatly thickened; the perirenal fat 
was chronically inflamed and indurated, and the lower two thirds of the kidney 
were filled with one large abscess and many small ones. The pelvis was filled 
with putty-like material. At operation the kidney was decapsulated, the cortical 
abscess excised as completely as possible and the putty-like material removed 
from the renal pelvis. The patient did not react from the operation and died at 
the end of twenty-four hours. 


Following is a copy of the pathologic report on the specimens removed at 
operation : 


“Macroscopic Description—The specimen consisted of six pieces. One piece 
measured 3.2 by 2.1 by 1.2 cm. and had the gross appearance of hardened putty- 
like material. This piece cut readily, broke into débris and appeared somewhat 
gritty. The other five pieces of tissue were of similar appearance and ranged 
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from dirty white to yellow. These specimens had the gross appearance of adipose 
tissue and fat. The smallest of the five pieces measured 3.3 by 2.3 by 18 cm., 
and the largest measured 7.4 by 5.6 by 4.2 cm. Sections were taken from all 
pieces in various areas for microscopic study. 


“Microscopic Description—The specimen was made up of a large amount 
of adipose tissue and a large amount of tissue composed of lymphocytes, plasma 
cells and some eosinophils, the eosinophils and plasma cells often being arranged 
in clusters. An occasional blood vessel was shown” (fig. 3 B). 


“Diagnosis.—This case was one of soft renal stone (fibrin clot), with beginning 
phosphatic deposits; there were chronic inflammatory changes involving the renal 
cortex; no malignant growth or tuberculosis was present.” 








Fig. 3 (case 3).—A, left pyelogram showing the irregular distribution of 
opaque mediums through the pelvis. B, high power photomicrograph of the mass 
removed from the left renal pelvis. 


Case 4.—E. W. G., a white man aged 36, was admitted on Feb. 22, 1937, 
because of renal colic. The patient had a long history of renal colic on the right. 
pyelonephritis and calculus formation, culminating in nephrectomy on the right 
in the fall of 1936. The convalescence from nephrectomy had been uneventful, 
and the patient had been discharged from the hospital, only to return in February 
1937, complaining of colic on the left side. At the time of admission his temp- 
erature was normal. Analysis of the urine showed an acid reaction, albumin 
(3 plus) and 100 plus white and 20 red blood cells per high power field. The blood 
count was within normal limits; the phenolsulfonphthalein test showed 32 per cent 
excretion in the first hour and 15 per cent in the second hour, making a total of 
forty-seven per cent. An intravenous pyelogram showed normal excretion of 





52 ARCHIVES OF SURGERY 


diodrast. The pelvis was rather large; the minor calices were well cupped, and 
there were no abnormalities in the ureter. Opaque shadows suggestive of calculi 
in the kidney, the ureter or the bladder could not be made out. Shortly after 
admission the patient passed two small, soft and putty-like calculi. Cultures of 
material from these stones showed no urea-splitting organisms. The organism 
identified was B. coli, but the particular type was not determined. Analysis of 
these stones showed them to consist mainly of fibrin and myriads of coliform 
organisms. Efforts to eradicate the infection were unsuccessful, and when last 
seen, in July 1937, the patient was still passing calculi of a similar structure. 


COMMENT 

These calculi belong to a group classified as fibrin stones. Young * 
and Cabot,* in their separate books on urology, each devoted one short 
paragraph to this type of stone. The literature has been incompletely 
searched, but so far nothing of interest has been found. The common 
pathologic process in the 4 cases reported was inflammation of the 
pelvic mucosa, but no one organism was present in all. The bacteria 
were not identified in the first case; in the second, a gram-positive 
coccus, which proved to be a short chain streptococcus, was found; in 
the third, B. coli and Staphylococcus aureus were identified, and in the 
last, B. coli appeared. None of these bacteria could split urea. 

The calculi were similar in all the cases, appearing as soft, putty-like 
slightly yellow masses, which looked faintly opaque under roentgen rays 
only when large and appeared as filling defects in the retrograde pyelo- 
grams. Sections studied under the microscope showed fibrin and unor- 
ganized débris, with total absence.of any cellular structure. In 3 cases 
areas of beginning calcification were seen. In all cases pelvic lavage 
with silver nitrate had been employed, but although silver is precipitated 
as insoluble chloride, chemical analysis of these masses did not show 
any silver. In case 4 the collections of fibrin were so small that the 
patient was able to pass them, and when he was last seen none had 
collected in the renal pelvis. 

Speculating as to the mode of formation of these masses of fibrin, 
one is intrigued by the idea of an exudative inflammation of the renal 
pelvis. Those pelves examined have shown an acute, diffuse, intense 
redness of the mucosa. Sometimes petechial hemorrhages have been 
present. The mucosa seems thickened and gives the impression of 
being edematous. Pelvic stasis was present in each case. With such 
a condition of the pelvic mucosa, it would seem reasonable to postulate 
the escape of fairly large quantities of serum into the pelvis with sub- 
sequent hardening similar to the crusting seen on cutaneous surfaces. 


2. Young, H. H., and Davis, D. M.: Young’s Practice of Urology, Phila- 
delphia, W. B. Saunders Company, 1926, vol. 1, p. 374. 


3. Cabot, H.: Modern Urology, ed. 3, Philadelphia, Lea & Febiger, 1936, 
vol. 2, p. 605. 
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Once a crust has been formed, the deposit of urinary salts, such as the 
triple phosphates of calcium, would of course occur with varying degrees 
of rapidity. 

According to Berke,* all stones have a matrix of more or less fibrin. 
The stones he examined all had varying degrees of hardness, but the 
material in the renal pelvis in our cases was soft, putty-like or rubbery 
and did not crush into fragments but was plastic to a certain extent, 
like dough. The sections were cut after the specimen was embedded in 
paraffin without decalcification. Although careful examination was 
made, no clumps of red blood cells could be identified, but an occasional 
ghost cell could be made out. The strands of fibrin predominated. It 
cannot be doubted that had these masses remained’ in the pelvis a suffi- 
cient length of time there would have been deposited in them sufficient 
amounts of the urinary salts to render them hard or at least harder 
than they were at the time of their removal. Another feature worthy 
of note in cases 1 and 2 is the large size of the masses and the rapidity 
of their development. In both cases pyelograms short periods before ; 
operation had shown no abnormality. In case 1 only was gross hema- 
turia one of the symptoms, yet even in this case the mass failed to show 
clumps of red blood cells on section. 






SUMMARY 
1. Four cases of fibrin stones have been presented. 
2. A theory as to their formation has been submitted. 

3. In each case there seemed to be a different stage of the disease 
or at least a different symptomatic picture of the same basic pathologic 
process. ‘ 


4. Berke, J. D.: 





Nature of Urinary Calculi, J. Urol. 38:118-130 (July) 1937. 


MALIGNANT ENDOMETRIOSIS OF THE OVARY, 
RESEMBLING ARRHENOBLASTOMA 


REPORT OF A CASE IN A GIRL AGED NINETEEN 


C. R. TUTHILL, M.D. 
STATEN ISLAND, N. Y. 


A few years ago Meyer * classified certain ovarian tumors according 
to their biologic effects. The tumors were the arrhenoblastoma, which 
produces masculine changes, the granulosa cell, or feminizing, tumor and 
the dysgerminoma, which occurs in women with pseudohermaphrodism 
or poorly developed gonads. Both masculine and feminine features 
occurred in the case of ovarian cyst to be reported, but their relation to 
the cyst is perhaps questionable. 


REPORT OF CASE 


The patient was an Italian girl aged 19. She came to the hospital complaining 
of a third attack of sharp, continuous abdominal pain of twenty-four hours’ duration, 
which had come at the end of a menstrual period; the others had preceded the last 
two menstrual periods and had been less severe. During the past year menstruation 
had occurred every three weeks, whereas it had taken place every four weeks 
previously since the age of 14. The change in menstrual frequency was accom- 
panied by the development of a small mass in the lower part of the abdomen. 
According to the patient, the mass did not enlarge and had given no discomfort 
until the last two months. 

Examination showed the patient to be slender and of moderate height. A 
masculine distribution of hair on the body was observed. A fairly thick mustache 
on the upper lip and a small beard on the chin had been present for three years. 
The voice was husky. The breasts were small, and the clitoris was not enlarged. 
Palpation revealed rigidity of the abdomen over a firm globular mass the size of 
a child’s head in the midline. Secondary anemia was present and the leukocyte 
count was 15,000. The next day a large cyst of the right ovary was removed from 
its attachments to the pelvic wall and to the surrounding structures with difficulty. 
It was under great tension, and some of the contents escaped into the abdomen. 
The patient recovered and left the hospital in nine days. For four months she 
worked as a waitress, disregarding the advice that roentgen treatments were 
necessary, since a return of the symptoms might be expected. At the end of this 
time she was seized with sharp abdominal pain, which subsided when she rested in 
bed. Two weeks later she entered the hospital, as the abdomen had enlarged and 
there was a sensation of stretching of the skin. Examination showed the swelling 
to be symmetric; the percussion note was dull. The previous physical findings 


From the Richmond Memorial Hospital. 
1. Meyer, R.: Beitrag zur Frage der Funktion von Tumoren der Ovarien, 
Zentralbl. £. Gynak. 54:2374, 1930. 
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were unchanged. The menstrual periods had continued to occur every three weeks. 
The hemoglobin content of the blood was 45 per cent; the leukocyte count, 13,000. 
A blood transfusion was given and the abdomen was opened. About 2 liters of 
reddish, viscid fluid containing numerous small, fairly firm, reddish slimy masses 
was removed. No growth was attached to any of the abdominal organs, nor was 
metastasis observed. The patient was comfortable for three weeks; then the 
abdomen again became enlarged. She was transferred for roentgen therapy and 
died shortly after admission. Permission for autopsy was not granted. 








Fig. 1—Endometrial glands and stroma in the cyst wall. Some blood cells 
are present in the lumen of the glands and cysts. 


Gross examination of the cyst showed it to be open and 15 cm. in diameter. 
It was divided into two parts by thin fibrous tissue. The wall varied from 0.3 
to 2 cm. in thickness. The thicker part was firm and white, with scattered reddish 
and yellow spots. In one place were a number of small, closely connected clear 
or brownish cysts. The lining of the cyst wall was for the most part thin and 
pale, but in the region in which the wall tapered downward both wall and lining 
were of soft hemorrhagic tissue. The contents of the cyst, except for several 
firm white masses, were thick coagulated blood and clumps of soft, rather 
gelatinous yellowish red tissue, attached in places to the cyst wall. 
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Microscopically, the outer covering of the cyst was composed of a few layers 
of fibrous tissue with a remnant of ovarian stroma and follicles on the external 
surface. The small area of cysts seen grossly was composed of glandular and 
cystic formations of various sizes, surrounded by thick stroma of fairly regular 
oval and spindle cells but divided by thin fibrous tissue showing numerous hemor- 
rhages. High columnar epithelium with pink-staining cytoplasm formed the 
lining of the glands and the cyst. The lumens frequently contained red blood 








Fig. 2.—Early malignant change in the glandular cells of the endometrial 
area, with apparently nonmalignant stroma. The cells in one gland are tending 
toward a solid formation. 


cells. This growth was similar to the glands and stroma of the uterine mucosa 
(fig. 1). In places the lining was papillomatous or made up of small round cells 
with clear cytoplasm. On the edge of the endometrial area were other glands with 
dark irregular cells and nuclei (fig. 2), although the stroma was apparently 
unchanged. Solid groups of small round cells staining light red were also present on 
the border of this area. The few cells left in the lining of the large cyst were 
columnar epithelium, but they were less uniform than those in the endometrial glands. 
A subepithelial remnant of apparently endometrial stroma occurred in one place. 
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The rest of the lining had been destroyed by the growth of the cyst wall. This 
was composed of a thin stroma of irregular, pale or deeply staining oval and 
spindle cells in which were hemorrhagic deposits, occluded vessels and various 
cellular formations. Many of the latter were closely packed glands or tubules, 
in which the cells had dark polymorphic nuclei and fatty cytoplasm (central 
group, fig. 3). The cytoplasm of the cells in other tubular islands was hyper- 
chromatic, and the tubules frequently contanied red blood cells. Some groups were 
mixtures of poorly formed glands and solid sheets of irregular, moderately large 





Fig. 3.—Cyst wall. In the stroma of irregular cells are congested vessels, 


hemorrhages and resultant fatty necrosis of the cells in the island of tubular 
carcinoma. 


reddish cells. Other groups contained only hyperchromatic spindle cells in thick, 
formless union. They also occurred as thin bundles between glands and partially 
formed glands of cells with dark oval nuclei and scanty cytoplasm, as in part of a 
group shown in figure 4. These spindle cells among the diverse combinations and 
formations of the cellular islands were similar to the hyperchromatic cells in the 
stroma of the cyst wall. Heavy bundles of them projected into the lumen of 
the cyst but contained many hemorrhagic deposits and were partly necrotic. The 
second growth in the abdomen was formed of dense whorls of hyperchromatic, 
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irregular spindle cells in a thin stroma of similar cells. Its cells resembled both 
the intraluminal cells and the formations in the cyst wall. Glands or tubules 
(the terms have been used interchangeably) were not observed, although it is 
possible that they had been destroyed by necrosis and by hemorrhages. Figure 5 
indicates the type of growth and of cells, many of which show mitosis while 
others show karyorrhexis. 


COMMENT 


Since the area of endometriosis was an integral part of the cyst 
wall, the entire cyst was identified as an endometrial cyst which had 
become malignant. This conclusion is upheld by the abnormal repro- 
duction of the glands and stroma of the endometrial area in the cyst 


Fig. 4.—Carcinosarcomatous group in the cyst wall. The cells of the tubules 
are somewhat similar to the irregular ones in the glands, shown in figure 2. 


wall. Moreover, the change in the shape and size of the cells and their 
nuclei in the outer glands of the endometrial area, as shown in figure 2, 
is proof of early malignancy linking this area with the malignant growth 
of the cyst wall. This is further substantiated by the irregular oval 
and spindle cells (fig. 4) which resembled the nonmalignant stroma 
cells (fig. 2) and were similar to the malignant cells (fig. 5). 

The formation of the cyst wall was unusual. However, not only were 
the islands of tubular:growth, faintly seen in figure 3, similar to uterine 
carcinoma, but the sarcomatous stroma around these tubules and the 
partly sarcomatous, partly carcinomatous growth (fig. 4) were even 
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more suggestive of carcinosarcoma of the uterine mucosa. This type of 
growth, although rare, according to Meyer,’ may occur in extrauterine 
areas of endometriosis as well as in the uterus. It seems probable that 





Fig. 5.—Recurrent abdominal growth of dense groups of hyperchromatic 
spindle cells in a thin stroma of the same cells. Karyorrhexis and mitosis are 
prominent. The cells are not unlike those of the stroma in figure 2 and more 
definitely resemble those seen in figures 3 and 4. 


2. Meyer, R., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1930, vol. 7. 
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it may be found in the ovary, although carcinoma has been the sole 
malignant tumor reported associated with ovarian endometriosis.* The 
recurrent growth in the abdomen was similar to the group formations 
in spindle cell sarcoma of the uterine mucosa * and may be traced to the 
contents of the cyst. 

However, sarcomatous and tubular growths are not confined to the 
uterine mucosa but are characteristic of ovarian arrhenoblastoma. Of 
the three types of tumor designated by this name, ranging from benign 
tubular adenoma to the type resembling sarcoma, the present cyst might 
be classified as of the intermediate type, which embraces the features ot 
the first and the last. Yet arrhenoblastoma is not sarcoma but a tumor 
of undifferentiated cells that may or may not be malignant. As fatty 
and deep pink-staining round cells are also found and identified as 
interstitial cells, similar ones in the cyst wall might suggest arrheno- 
blastoma. The specificity of these cells to arrhenoblastoma, however, 
has been questioned by Novak and Gray.‘ In the cyst herein described 
the sheets of pink-staining cells were evidently derived from the glands, 
and the fatty ones were the result of circulatory disturbance. Although 
the cyst and the succeeding growth were malignant formations of 
well differentiated cells, some support is given to the consideration of 
arrhenoblastoma by the masculine characteristics of the patient. One 
of these, hirsutism, in the opinion of Novak and Long® and of 
Schiller,® may be found in normal women. Schiller concluded also 
that its presence is not only variable in arrhenoblastoma but that it 
does not always disappear with the removal of the tumor and may be 
associated with all kinds of ovarian growths. As the mother and sister 
of the patient in this case also had fairly heavy mustaches and deep 
voices, the hirsutism and the virile voice of the patient were perhaps 
exaggerations of familial traits. The boyish figure in a family of obese 
members might be regarded as a biologic effect of the tumor, but 
the anemia must be considered, as must the occurrence of all these 
characteristics before the recognition of the tumor in the abdomen. 
If the growth were a masculinizing one, its recurrence should not have 
been attended by the unchanged continuity of any biologic effects but by 
their greater manifestation. Moreover, the only apparent influence of 
the tumor was the increase in frequency of menstruation to once every 


3. Sampson, J. A.: Carcinoma of the Ovary, Arch. Surg. 10:1 (Jan.) 1925. 
Hauser, R.: Carcinom auf der Basis ausgedehnter Endometriose, Ztschr. f. 
Krebsforsch. 43:306, 1936. 

4. Novak, E., and Gray, L. A.: Clinical and Pathologic Differentiation of 
Certain Special Ovarian Tumors, Am. J. Obst. & Gynec. 31:216, 1936. 

5. Novak, E., and Long, J. H.: Ovarian Tumors Associated with Sexual 
Changes, J. A. M. A. 101:1057 (Sept. 30) 1933. 

6. Schiller, W.: Zur Frage der Spezifitaet vermaennlicher ovarial Tumor, 
Arch. f. Gynak. 160:344, 1935. 
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three weeks, since this was coincident with the appearance of the 
growth in the abdomen. Such a reaction, however, is symptomatic of 
granulosa cell tumor or of endometriosis rather than of arrhenoblas- 
toma. In this case the menstrual increase was doubtless due to the 
endometrial character of the cyst. 


SUMMARY 


An ovarian cyst which occurred in an Italian girl aged 19 is con- 
sidered a carcinosarcoma arising in an area of endometriosis. A spindle 
cell sarcoma of the type found in the uterine mucosa recurred in the 
abdomen four months after removal of the cyst. Masculine distribu- 
tion of hair and a husky voice are considered exaggerated familial 
traits in the patient, since they were present to some extent in the 
mother and sister and since they antedated the recognition of the tumor 
in the abdomen. The growth was accompanied by an increase in fre- 
quency of menstruation during the year preceding its removal. Slender- 
ness and small breasts are perhaps effects of debilitation by the tumor. 





MYOBLASTIC SARCOMA OF THE URINARY 
BLADDER 


EDWIN F. HIRSCH, 
AND 

BRUCE M. BROWN, 
CHICAGO 


Sarcomas constitute only a small proportion of the malignant growths 
arising in the urinary bladder. Many varieties of sarcoma are mentioned 
in classified lists, but some names suggest vaguely the parent tissue origin 
or indicate merely a poorly differentiated variety of cell components. 
Only a few muscle tumors are included in these lists. Munwes* in 1910 
recorded 5 myosarcomas as occurring among 94 sarcomas of the urinary 
bladder. Hiickel’s * review, published in 1934, mentioned the occurrence 
of 8 leiomyosarcomas and 3 rhabdomyosarcomas among 125 sarcomas 
of the urinary bladder. 


The details of cell structure in many descriptions of sarcoma of the 
urinary bladder are meager, especially in descriptions of sarcomas of 


muscle tissue. The latter tumors are of two types, the smooth and the 
striated muscle tumors. When the cells of a rhabdomyosarcoma do not 
become differentiated beyond the myoblastic stage, characteristics other 
than the cross striations are necessary to permit the conclusion that 
the growth originated in skeletal muscle. 

Abrikosoff * divided myoblastic tumors into the following four 
types: (1) pure myoblastoma with cells devoid of striations; (2) a 
tumor composed of myoblasts similar to those in the first type of tumor, 
with longitudinal or cross striations, or both, often imperfectly devel- 
oped ; (3) a tumor composed of hypertrophied myoblasts, including some 
of great size, frequently multinucleated, syncytial, with or without stria- 
tions; and (4) malignant myoblastosarcoma, or myoblastic sarcoma, a 
polymorphous cell tumor, structurally resembling the more differentiated 


From the Henry Baird Favill Laboratory of St. Luke’s Hospital. 

1. Munwes, C.: Zur Statistik und Kasuistik der Blasensarkome, Ztschr. f. 
Urol. 4:837, 1910. 

2. Hiickel, R.: Sarcoma der Harnblase, in Henke, F., and Lubarsch, O.: 
Handbuch der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
Springer, 1934, vol. 6, pt. 2, pp. 655-667. 

3. Abrikosoff, A. I.: Ueber Myome ausgehend von der quergestreiften will- 
kiirlichen Muskulatur, Virchows Arch. f. path. Anat. 260:215, 1926; Weitere 
Untersuchungen iiber Myoblastenmyome, ibid. 280:723. 1931. 
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rhabdomyosarcoma. Cappell and Montgomery * considered this grouping 
unsatisfactory, for they stated that all variations of cells may be found 
in a single tumor. They suggested that striated muscle tumors be classi- 
fied into two types, those with cross striations and those without. Their 
first type includes (a) simple rhabdomyoma with well differentiated 
muscle fibers but no primitive or anaplastic forms and (b) malignant 
rhabdomyoma with some cells having distinct cross striations. Their 
second type includes growths the cells of which have the staining quali- 
ties of muscle and morphologically contain spindle-shaped and hyper- 
trophied myoblasts. The cells are without striations or have delicate 
striations demonstrable by special stains. This form of tumor corre- 
sponds to the first type in Abrikosoff’s classification. The muscle tumors 
reported so far, Cappell and Montgomery * stated, have been benign 
except the tumor of the thigh described by Muller® in 1917, which 
they considered malignant. Cappell and Montgomery concluded that the 
term myoblastoma should be restricted to skeletal muscle tumors the 
cells of which have no cross striations. 

In Rakov’s® recent report on malignant tumors of skeletal muscle 
the descriptive term “malignant rhabdomyoblastoma” was used. The 
tumor cells, he stated, are polymorphic, although the predominant form 
is elongated and spindle shaped. Other tissue elements are poly- 
morphous cells and giant cells. Longitudinal fibers in the elongated 
cells occasionally have cross striations; pronounced striations rarely 
are found.’ 


Sarcomas of smooth muscle, according to Geschickter * and others, 
repeat the histogenesis of this tissue and consist of compactly arranged 
spindle-shaped cells. Geschickter* stated that sarcomas of striated 
muscle may duplicate the structure of the spindle cell sarcomas of 
smooth muscle or may have the large elongated multinucleated cells of 
the myoblastic stage. 


REPORT OF A CASE 


A white man aged 72 entered the service of Dr. Harry Culver at St. Luke’s 
Hospital on March 6, 1937, because of hematuria and “bladder gravel” for three 
months, associated with frequent voiding, nocturia and dysuria. Litholapaxy 
and transurethral resection of the prostate had been done three years previously, 


4. Cappell, D. F., and Montgomery, G. L.: 
blastoma, J. Path. & Bact. 44:517, 1937. 

5. Muller, H. R.: Traumatic Rhabdomyosarcoma Following Successive Frac- 
tures of the Femur, J. Cancer Research 2:393, 1917. 


6. Rakov, A. I.: Malignant Rhabdomyoblastomas of Skeletal Musculature, 
Am, J. Cancer 30:455, 1937. 


7. Hirsch, E. F.: Malignant Rhabdomyoma of the Leg, Arch. Path. 8:9 
(July) 1929. 
8. Geschickter, C. F.: Tumors of Muscle, Am. J. Cancer 22:378, 1934. 


On Rhabdomyoma and Myo- 
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and one year previously a nephrectomy had been done on the right side because 
of renal concretions and pyonephritis. Roentgenograms taken soon after the 
patient’s admission demonstrated a diverticulum of the urinary bladder and osteo- 
porosis of the pelvic bones; the latter was interpreted as due to metastases of a 
malignant tumor. He had a nephrectomy scar on the right side with hernia. 
Cystoscopic examination demonstrated an incrusted tumor of the urinary bladder, 
cystitis, obstruction of the neck of the bladder and stricture of the anterior portion 
of the urethra. Surgical suprapubic drainage of the bladder on March 23 gave 
some relief. The patient died on April 26, about four and a half months after 
the onset of hematuria, one year after the nephrectomy and three years after 
transurethral resection of the prostate. 


Postmortem examination was restricted to the chest and abdomen. The essen- 
tials of the anatomic diagnosis were: extensive diffuse infiltrative myoblastic 
sarcoma of the urinary bladder; metastatic myoblastic sarcoma of the periaortic 
and abdominal lymph nodes, the lungs, the liver, the right adrenal gland and 
the bodies of the twelfth thoracic and first to fifth lumbar vertebrae; suppurative 
urinary cystitis; acute fibrinous pelvic peritonitis; constriction of the left ureter 
by myoblastic sarcoma; pyoureter, and suppurative pyelonephritis and perinephritic 
abscess on the left side. The urinary bladder, an indurated thick mass, extended 
7.5 cm. above the symphysis pubis. Friable gray tissues bound the bladder to the 
parietal peritoneum anteriorly on the right side. Nodules of gray tumor tissue, 
1 cm. in diameter, roughened the hyperemic posterior surface. Other nodules 
extended into the left groin. The entire lining of the urinary bladder was 
necrotic. Hemisected through the midsagittal plane, the wall (fig. 1) was seen 
to be firm in all portions, with friable gray tissues, ranging in thickness between 
1 and 4 cm. The thinnest portion was in the trigon. Behind the protruding 
tissues between the ureteral openings was a recess. Only a small amount of 
prostate tissue remained. The diameter of the left ureter above the urinary 
bladder was 2.5 cm. Near the bladder the ureter was encased in tumor tissue. 
The ureteral orifice in the bladder was 2 mm. in diameter. The seminal 
vesicles and the vas deferentia had no noteworthy changes. The bodies of the 
twelfth thoracic and of all the lumbar vertebrae contained nodules of metastatic 
tumor tissue. The gross structure of the rami of the right os pubis and of the 
right ilium was unchanged. The amount of red marrow tissue in the ribs was 
small. Each lung had many nodules of metastatic tumor tissue, ranging from 
1 to 15 mm. in diameter. They were distributed mainly in the subpleural tissues. 
There were also metastases in the liver varying from 3 to 10 mm. in diameter 
and a nodule in the right adrenal gland 1.5 cm. in diameter. The large left 
kidney contained many abscesses and a cortical retention .cyst 6 cm. in diameter. 
There was also a large perinephritic abscess on the left side. The periaortic 
abdominal lymph nodes were enlarged by gray tumor tissue. 

Sections of the primary and secondary tumors were stained with hematoxylin 
and eosin, phosphotungstic acid-hematoxylin, Mallory’s aniline blue, Masson’s 
trichrome stain, Van Gieson’s stain, Heidenhain’s iron-hematoxylin stain and 
Laidlaw’s silver impregnation for reticulum. The edge of the lining of the 
urinary bladder was necrotic. All but small masses of the original smooth muscle 
in the wall consisted of tumor tissue. Fine collagenous fibers formed a delicate 
supporting mesh for large and small spindle-shaped cells, polymorphous cells 
and large multinucleated giant cells (fig. 2). There was no regularity of tissue 
structure, all varieties of tumor cells being combined in different proportions and 
density. They had the staining qualities of smooth muscle cells. The spindle- 








HIRSCH-BROWN—MYOBLASTIC SARCOMA OF BLADDER 565 


shaped cells ranged in size from that of the usual smooth muscle cell to six or 
eight times this dimension. The cytoplasm of the small forms contained an 
elongated or vesicular nucleus with a few fine and coarse chromatin granules. 
The large spindle cells had proportionately more cytoplasm and larger nuclei; 
some had several nuclei. The polymorphous cells varied also in size and shape. 
They had an abundant cytoplasm, oval or lobed vesicular nuclei containing coarse 
and fine chromatin granules and a distinct cell membrane. Large cells with a 
sharp membrane and a single nucleus and multinucleated protoplasmic masses in 
bands were the least numerous cells. Among the tumor cells were many in 
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Fig. 1—Photograph of the urinary bladder hemisected through the mid- 
sagittal plane. The prostatic urethra is shown at the left side of the photograph; 
the cystotomy fistula and the cutaneous tissues of the abdomen are shown above. 
The wall of the bladder in general is markedly thickened by the growth of sar- 
coma tissues. 


mitosis, some in atypical form. The cellular tumor tissue extended through the 
wall of the urinary bladder into the subperitoneal tissues. Many dilated blood 
and lymph channels had thrombi of tumor tissue. The sections stained with 
Heidenhain’s iron-hematoxylin, phosphotungstic acid-hematoxylin, Mallory’s aniline 
blue and Masson’s trichrome stain had sharply contrasted tissues. The collagenous 
fibers formed only a small portion; the myoblastic cells, a considerable portion. 
The cytoplasm of the large spindle-shaped cells and the protoplasmic masses had 
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Fig. 2.—Photomicrographs illustrating three main varieties of myoblastic cells 
in the sarcoma of the urinary bladder: A, large spindle cells; B, polymorphous 
cells, and C multinucleated protoplasmic cells. 
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Fig. 3.—Photomicrographs illustrating the cellular structure of the metastases: 
A, spindle cells in a nodule of the liver; B, polymorphous and some multi- 
nucleated forms in a lymph node, and C, protoplasmic and other cells in the 
secondary growth of the right adrenal gland. 
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fine longitudinal fibrils, but a thorough search failed to disclose cells with cross 
striaticns or cells with concentrically arranged barred fibrils, as described by 
Wolbach.® 

The metastases in the lungs, the liver, the right adrenal gland, the lymph 


nodes and the vertebrae (fig. 3) had similar cellular tissues composed of tumor 
cells in various proportions. 


COMMENT 
The histologic structure and the staining qualities of the tumor cells 
in this malignant growth of the urinary bladder indicate an origin in 
muscle. Myoblasts of various kinds, including spindle-shaped cells, 
polymorphous cells and hypertrophied forms, some of great size, were 
present. Fine longitudinal fibrils were demonstrated in some of the 
spindle cells and in the hypertrophied myoblasts. The search for cross 
striations in these cells was unsuccessful, although sections from many 
regions stained with Heidenhain’s iron-hematoxylin and phospho- 
tungstic acid hematoxylin were examined. 


Leiomyosarcomas arising in the urinary bladder and other viscera, 
according to Geschickter * and Krauskopf,’® contain spindle-shaped cells 
with vesicular, oval or elongated nuclei, but no polymorphous cells or 
large multinucleated protoplasmic masses. The presence of these large 
cell forms suggests the origin of the sarcoma in striated muscle tissues. 
Skeletal muscle tumors of the urinary bladder have been ascribed to 


displaced myotome tissues. Geschickter * stated that the association of 
rhabdomyomas with smooth muscle in the genital tract may be due to 
metaplasia of voluntary muscle from smooth nonstriated forms. This 
origin is not generally accepted, and such a view is unnecessary because 
of the proximity of skeletal muscle tissues at the base of the urinary 
bladder. 

MacKenzie and Chase *' found a few published references to malig- 
nant skeletal muscle tumors of the urinary bladder. They described a 
malignant localized rhabdomyosarcoma of the trigon, occurring in a 
woman aged 69; there were metastases to the wall of the duodenum, to 
the liver and to the portal lymph nodes. The tumor tissues contained 
many spindle-shaped cells, undifferentiated cells and large multinucleated 
cells. The large cells suggested the myoblastic nature of the growth, 
but cross striations or fibrillations were not found in the cells of the 
tumor. A few cells with cross striations were demonstrated in the 
metastases of the liver and the duodenum after search in serial sections. 


9. Wolbach, S. B.: A Malignant Rhabdomyoma of Skeletal Muscle, Arch. 
Path. 5:775 (May) 1928. 

10. Krauskopf, H.: Report of an Unusual Case of Leiomyosarcoma Occur- 
ring in the Urinary Bladder, Am. J. Obst. & Gynec. 24:133, 1932. 

11. MacKenzie, D. W., and Chase, W. H.: Rhabdomyosarcoma of the Urinary 
Bladder with Metastases, J. Urol. 19:315, 1928. 
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White ?2 described briefly a pedunculated rhabdomyosarcoma excised 
from the urinary bladder of a child. Welfeld, Hill and Hillebrand ** 
found only 3 reports of malignant skeletal muscle tumors of the urinary 
bladder. These were the report by Houette of a congenital diverticulum 
in the bladder of a boy aged 13 months; the report of a rhabdomyosar- 
coma by MacKenzie and Chase, which has been mentioned; and the 
tumor described by Monserrat and Garcia as occurring in a man 
aged 43. Welfeld, Hill and Hillebrand described 2 polypoid malignant 
tumors of the skeletal muscle, occurring in children. 

The evolution of the myoblastic sarcoma of the urinary bladder 
here described seems to follow the usual course of sarcomas. Large 
blood channels about the bladder were invaded extensively by tumor 
tissues. These thrombi of tumor tissue doubtless were important in the 
metastatic spread of the disease to the liver, to the lungs and elsewhere. 


SUMMARY 


Myoblastic sarcoma occurs rarely in the urinary bladder. The growth 
described in this report diffusely infiltrated the bladder of a man aged 
72. There were metastases to the lungs, the liver, the right adrenal 
gland, the spine and many lymph nodes. The tumor cells had the 
staining qualities of muscle tissue. They consisted of spindle cells, 
polymorphous cells and large multinucleated protoplasmic cells. Some 


of the large tumor cells had longitudinal fibers. Cells with cross stria- 
tions were not found. 


12. White, H. P. W.: Tumor Removed from a Child’s Bladder, Proc. Roy. 
Soc. Med. 22:1382, 1929. 

13. Welfeld, J.; Hill, L., and Hillebrand, J. G.: Rhabdomyxosarcoma of the 
Urinary Bladder, J. Urol. 36:150, 1936. 
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Considerable difference of opinion exists regarding the healing 
of tendons and tendon grafts. The principle of Roux states that 
the end result of a transplant in which biologic laws have been observed 
depends largely on whether or not the functional activity for which the 
tissue was originally intended has been assumed early. The tension to 
which the graft should be subjected is also a perplexing problem. 
The postoperative treatment of tendon grafts differs from that of grafts 
in other parts of the body, for example, in skin and in bone. With 
the latter, immobilization is essential in establishing a vascular supply ; 
with the former, immobilization tends to form adhesions which defeat 
the purpose of the graft. 































HISTORICAL DATA 





Until the middle of the eighteenth century, surgeons were largely 
influenced by the opinions of Galen, who taught that tendons are a 
mixture of nerves and ligaments the suturing of which is followed by 
twitchings of pain and by convulsions. It wads not until after 1750, 
when Haller demonstrated the insensibility of tendons, that operative 
procedure on them was generally resorted to. Hunter in 1767 was the 
first to study the processes of tendon repair experimentally in dogs. 
He concluded that tendons heal by means of callus produced in a 
manner similar to that by which bone callus is produced. 

Later experimental work led to a number of different theories of 
tendon repair. According to some of these, a formless exudate is first 
produced ; then the tendon stumps generate new tendon. The tendon 
sheath was considered by others to be the sole factor in repair. Accord- 
ing to another theory, cells from the blood, wandering into the defect, 
are responsible for the healing process. By another school of thought, 
the connective tissue surrounding the stumps was believed to be the 
most important element in healing. 


From the Surgical Hunterian Laboratory, Jchns Hopkins University, School 
of Medicine. 
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Roux (1780-1854) was among the first to stress the importance of 
function in the formation of tendon or tendon-like tissue. This led 
to extensive study of grafts in tendon defects. Kirschner in 1909 pub- 
lished the-results of an experimental study of autoplastic tendon and 
fascial grafts. He found that fascia took on the character of tendon. 
Rehn in 1910 studied the effect of transplantations of all sorts of 
tissues grafted into tendon defects or into other areas in which they 
were not subjected to function. He found that nonspecific tissues when 
grafted into tendon defects and subjected to stress and strain took on a 
tendon-like character. 

The first experimental work with fascia in the United States was 
done by J. Staige Davis. He had been working for some time before 
he discovered that Kirschner had just published some work along the 
same line. Davis stated that after looking for suitable tissue which 
was easily obtainable and which had considerable strength and suff- 
cient flexibility he was led to try the experimental transplantation of 
free flaps of fascia. He performed 62 experiments on 39 dogs. Most 
of the flaps were from the iliotibial bands, and when adhesions were 
not desired the transplant was placed with the inner, or muscle, surface 
exposed. He successfully transplanted free fascia to the subcutaneous 
tissue, to muscle, to periosteum, to naked bone, to cartilage, to tendons 
and to ligaments. He showed that defects in muscle and tendon could 
be bridged by free flaps of fascia. He successfully transplanted free 
flaps of fascia around arteries, veins and nerves without interfering with 
the lumen of the vessels or compressing the nerves. He inserted free 
flaps of fascia in joints, substituted flaps of fascia for the patella and 
sutured bone fragments together. 

He prepared defects in the skull and substituted free flaps of 
fascia; this procedure resulted in the formation of a strong membrane 
between the dura and the edges of the bone. In other experiments he 
removed the dura as well as the bone, and the fascia united firmly to 
the cut edges of the dura. The flap also seemed to serve equally well 
for the repair of tracheal defects. He successfully placed transplants 
in defects in the abdominal wall, suturing flaps of fascia into peritoneal 
and muscle fascia defects. He was also able to cure experimentally 
produced hernias. He tried such grafts in the stomach, the intestines, 
the bladder, the liver, the kidney and the spleen, with apparent success. 
In most of his experiments the transplant was immediately grafted into 
the same animal from which it had been taken. He, however, trans- 
planted into the same animal and into other animals fascia which had 
been kept in an ordinary ice chest at 38 F. for as long as seven days, 
fascia which had been kept in cold storage at 32 F., wrapped in gauze 
and moistened with salt solution, for thirty-five days and fascia which 
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had been kept in cold storage at 32 F. in physiologic solution of sodium 
chloride for fifty-six days. 

In 1911 Dean Lewis and C. B. Davis’ experiments demonstrated 
the difference in end results between transplantation of tendons into 
subcutaneous tissue and insertion of tendons into tendon defects, so 
that they had to function early. In the former site the tendon transplant 
shrank considerably but retained all the physical properties of tendon 
except for a considerable loss of luster. There was no proliferation of 
the peritendineum such as occurs in transplants made to function early. 

In the past fifteen years fascia has been used successfully in plastic 
and in orthopedic operations and also in other types of operations. 
This was probably brought about by the work of Gallie and Le Men- 
surier, Koontz, Bennett and others. 

Mason and Shearon in 1932, in a thorough study of tendon suture 
and tendon grafts, concluded that in a healing tendon suture union is 
accomplished first by a proliferation of the sheath tissues, which rees- 
tablish continuity in a few days. The tendon begins to proliferate after 
the fourth or fifth day, sending cells into the callus. With autogenous 
tendon grafts a similar process of healing was noted, the only difference 
being that the sheath of the graft and the tendon of the graft remained 
viable and took part in closing the gap between the separate stumps. 


MATERIALS USED TO FILL DEFECTS IN TENDONS 

Catgut, silk, silver wire, tendons and fascia have been used in recon- 
structing tendons. 

The use of foreign materials was often complicated by pressure 
necrosis of the skin. At times the neighboring tissues proliferated, 
invaded and limited the function of the new tendon. There are some 
disadvantages in direct transplantation of tendon. In order to prevent 
dysfunction, the amount of tendon to be used for this purpose must 
necessarily be small. Preserved tendon is bulky; it tends to curl up 
and is not very pliable. Its fibers are grouped into stout cords, and 
vascularization of its deeper structures is somewhat hard to establish. 

Fascia is essentially the same kind of tissue as is tendon, but it is 
thinner. It consists of many parallel layers of heavy white fibrous 
tissue, between which are situated a few scattered cells. The fibers are 
arranged in thin sheets and are divided into irregular bundles by areolar 
tissue, which also covers the surface and in which ramified blood vessels 
and lymphatics are present. Fascia is an ideal material for trans- 
plantation. It is thin and is easily permeated by serum; it has great 
strength. Loops of fascia fastened in a vise have withstood a weight of 
90 pounds (40 Kg.) without breaking, the ends of the fascia slipping 
from the vise first (Lewis, 1917). It has a tensile strength of 32 














































W EINBERG—FASCIA 





GRAFTS 





IN TENDON DEFECTS 573 





pounds and 10 ounces (15 Kg.) per inch in width (Ross) or of 7,860 
pounds (3,510 Kg.) per square inch, with an elasticity of well over 91 
per cent (Gratz, 1931). 

Ox fascia (dead) has been used surgically only in comparatively 
recent years. Nageotte and Sencert communicated important funda- 
mental knowledge about heterografts. Koontz has made valuable experi- 
mental and clinical contributions in this field. 

According to Nageotte and Sencert, preserved fascia does not differ 
essentially from living fascia, because the connective tissue fibers orig- 
inating from living tissue are inert and are indistinguishable from a 
dead graft when studied microscopically. If fascia is preserved in 
alcohol the physical and clinical properties remain the same. The studies 
of these workers indicated that the dead cells of the graft are removed 
by wandering cells from the host, after which fibroblasts from the 
host grow into preexisting connective tissue framework of the graft 
and repopulate it with living cells. In a short time it becomes impossible 
to tell that the graft has ever been dead. If this is true there should be 
no foreign body reaction in the healing of such grafts. Clinically, 
this has been debated by some. Experimentally, Rosenblatt and Meyers 
disagreed with this principle. If all biologic laws have been observed 
and the grafted tissue has been made to function early, absorption should 
not take place. 

The experimental work of Rosenblatt and Meyers indicated that 
there is some absorption of the graft. Wolfsohn agreed with them. 

Haas has studied the mode of union of live and preserved fascia 
with muscle. He stated that the union is as rapid with one as with 
the other; that, microscopically, there is no apparent difference. He 
concluded, however, that live fascia looks more tendinous and less 
edematous than preserved fascia. 

There are two main complications to be considered in the use of 
dead fascia, namely, infection and foreign body reaction. In reports 
of large series of cases, in which it has been used clinically by Koontz 
and others (mainly in the repair of hernias), these complications were 
negligible. 

STATEMENT OF 





THE PROBLEM 






An endeavor was made to determine whether dead fascia (used to 
fill defects in tendons) will or will not act as a foreign body and whether 
or not absorption occurs. An attempt was also made to study the 
factors which enter into the healing of such defects. 









TECHNIC OF EXPERIMENTS 






Thirty experiments were performed on dogs under general anesthesia. The 
following technic was employed: One of the tendons in the foreleg was exposed, 





574 ARCHIVES OF SURGERY 


and a section was removed from it. A strip of dead (ox) fascia which had been 
preserved in 70 per cent alcohol was then sutured to the tendon stumps by means 
of Frisch sutures of black silk (fig. 1). This type of suture was used because 
it has been shown experimentally by Kimura that it can withstand considerable 
traction for from three to fifteen hours. It also permits a good approximation 
and does not strangle the tissues when the tendon moves. In some of the animals 
the sheath was removed from the host tendon before a portion of it was resected. 
No casts or other means of immobilization were applied. Five of the animals 
were not available for study because in 3 the incisions broke down and 2 died 
of distemper. 











Fig. 1—Method of suturing used in this series of experiments. 


The animals were killed at intervals of eleven, twenty-cne, twenty-eight, 
thirty-five, forty-two, fifty-six, one hundred and fifty, one hundred and eighty, 
two hundred and forty and two hundred and eighty-five days. The fascial grafts 
were studied, grossly and microscopically. 


PROTOCOLS OF EXPERIMENTS 


Doc 1 (killed at eleven days).—The fascia was smooth and glistening. The 
junction of the tendon and graft was marked by a smooth reddish band. The 
graft was edematous, but there were no adhesicns around it. Microscopic exami- 
nation showed much edema and also cellular reaction consisting of round cells 
and polymorphonuclear cells. There were a large number of foreign body giant 
cells, especially about the silk sutures; young fibroblasts used the silk sutures 
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as an avenue to work into the graft. The proximal and distal ends of the dead 
fascia were edematous, frayed and undergoing absorption; they were being split 
into strands by an ingrowth of fibroblasts. The graft was encircled by young 
fibroblasts as if in a cylinder. From this outer layer, fibroblasts were seen 
working into the interior of the graft. The junction of the graft and the tendon 
was made up of granulation tissue which was fairly dense. The dead fascia, 
therefore, was not acting as a foreign body. 

Doc 2 (killed at twenty-one days)—The sheath of the host tendon was 
destroyed befcre the graft was implanted. The graft appeared enlarged and 
edematous; it was firmly united to the tendon stumps. Microscopic examination 











Fig. 2—Section of graft of dog 1, killed at eleven days. Note the edematcus 
graft broken up into strands by ingrowth of fibroblasts from surrounding granula- 
tion tissue. A represents an area of granulation tissue; B, the graft in process 
of breaking up; C, the silk suture. 


revealed the fact that the graft was being invaded by fibroblasts with extremely 
thin nuclei. These fibroblasts were most marked at the proximal and distal por- 
tions of the graft but were seen in the interior of the graft as well. The graft at 
the proximal end showed a gradual fraying, with definite invasicn by granulation 
tissue and especially by fibroblasts, which were bringing about a gradual transi- 
tion between the graft and the host tendon. Part of the graft was being absorbed, 
without the aid of cells, by chemical degeneration. Connective tissue was present 
in great abundance throughout the region. It was becoming compact and laminated 
and was arranged almcst in bundles, especially about the periphery of the graft. 
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It was most profuse at the junction of the graft and the tendon. In the granula- 
tion tissue the blood supply was good. In the graft the circulation was virtually 
nonexistent except for capillaries in the newly formed granulation tissue which 
had permeated the graft. The silk had lost some of its consistency, being broken 
up and fragmented. The junction between the graft and the tendon was much 
firmer than in the previous experiment. 

Doc 3 (killed at twenty-one days).—The sheath of the host tendon was pre- 
served. Examination showed a much firmer union between the graft and the 
tendon than was observed in the preceding study, of the same duration, and in 
which the tendon sheath was destroyed. Many more foreign body giant cells 
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Fig. 3.—Section cf graft of dog 2, killed at three weeks. The tendon sheath 
was destroyed. Note the fibroblastic invasion of the graft, bringing about a 
gradual transition between graft and tendon. A represents an area of granulation 
tissue; B, the graft; C, the silk suture. 


appeared about the silk, which was becoming frayed and pigmented. There was 
also an infiltration of granulation and fibrous tissue about the silk. A considerable 
amount of new fibrous tissue was present around the graft; this was compact, 
laminated and cellular, indicating marked activity. The graft was invaded through- 
out by fibrous tissue. 


Doc 4 (killed at twenty-eight days)—The sheath of the tendon was destroyed. 
Union was firm; the graft was glistening; the edges had become rounded and 
smooth. There was a slight infection about the silk sutures. Microscopically, 
the silk was much more fragmented, and large amounts of it had disappeared. 
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There was marked polymorphonuclear infiltration about the silk. The graft 
showed a much greater degree cf invasion by fibroblasts. In some places the 
body of the graft was almost displaced by this invasion. The small amount of 
graft which still had its original architecture intact was flanked on all sides by 
rows of fibroblasts. 


Doc 5 (killed at twenty-eight days)—The tendon sheath was left intact. 
Around the periphery there was a tremendous amount of proliferaticn of fibrous 
tissue, probably coming from the sheath of the host tendon. There was a small 
amount of silk surrounded by giant cells. The proximal part of the graft showed 
the greatest degree of infiltraticn, in other words the most advanced stage of 

















Fig. 4.—Section of graft of dog 3, killed at three weeks. The tendon sheath 
was left intact. Note the new fibrous tissue abcut the periphery of the graft, 
compact, firm, laminated and cellular. It is much more abundant than in the 
graft shown in figure 3. A represents an area of granulation tissue; B the tendon 
graft. 


substitution. There were no signs of inflammation, and only slight chemical 
destruction and absorption had occurred. 

Doc 6 (killed at thirty-five days)—The tendon sheath was destroyed. Union 
was decidedly firm. Microscopically, little of the graft remained. It was almost 
completely replaced by young laminated fibrous tissue. The silk had become 
fragmented; there was some foreign body giant cell reaction about it. 

Doc 7 (killed at thirty-five days)——The tendon sheath was left intact. A 
slight infection was noted about the sutures, but the graft was firm, glistening 














Fig. 5.—Section of graft of dog 4, killed at four weeks. The tendon sheath 
was destroyed. Note the much greater degree of invasion of the graft by fibro- 
blasts. A represents new tissue invading the graft; B, the tendon graft under- 
going invasion; C, the silk suture. 











Fig. 6.—Section of graft of dog 5, killed at four weeks. The tendon sheath 
was left intact. Note the marked amount of fibrous tissue proliferation about 
the periphery of the graft, probably coming from the sheath. A represents 
granulation tissue; B, tendon graft. 

















Fig. 7—Section of graft of dog 6, killed at five weeks. The tendon sheath 
was destroyed. Note that the graft is almost replaced by young laminated fibrous 
issue. A represents granulation tissue; B, the tendon graft; C, the silk suture. 

















Fig. 8.—Section of graft of dog 7, killed at five weeks. The tendon sheath was 
left intact. Note that the graft has lost the architectural appearance noted in 
earlier periods and is alniost completely infiltrated by fibrous tissue. A represents 
granulation tissue; B, the tendon graft; C, the silk suture. 
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and not adherent to the sheath. No definite evidence of the dead graft remained. 


There was an almost complete substitution by young fibrous tissue. 


Doc 8 (killed at fifty-six days)—The sheath was left intact. Grossly, the 


graft was indistinguishable from the tendon except for the silk sutures. Micro- 
scopically, there was no obvious remnant of the graft. There was a large amount 
of laminated fibrous tissue arranged in strands. 

Doc 9 (killed at one hundred and fifty days)——The sheath was left intact. 
Gressly, the graft was indistinguishable from the tendon. Microscopically, there 


had been a complete substitution. 














Fig. 9.—Section of graft of dog 8, killed at eight weeks. Note that there is 
no obvious remnant of the graft. There is a large amount of uniform fibrous 
tissue arranged in strands and laminated. A represents a blood vessel; B, the 
tendon graft. 


Doc 10 (killed at. one hundred and eighty days).—The sheath was left intact. 
The graft had not shaped like the others but was smooth, glistening and not 
adherent to the sheath. Microscopically, some of the dead graft was still present. 
The degree of permeation was not as extensive as in the others, which may have 
been due to the fact that the animal was much older than the other subjects. In 
places, the graft was separated at its periphery from the surrounding structures; 
this shows that there was motion in the graft. 


Doc 11 (killed at two hundred and ten days).—The sheath was left intact. 
Union was firm; the sutures plainly visible; the graft was gliding nicely in the 














ad 





Fig. 10.—Section of graft of dog 9, killed at eight months. Note that no 
evidence of the graft remains. There is moderately dense fibrous tissue. 4 
represents the tendon graft; B, a vein. 











lig. 11.—Section of graft of dog 15, killed at eight and one-half months. Note 
that a cross section through the graft looks like regular tendon in structure. 
A represents the tendon. 
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sheath. Microscopically, there were no definite signs of the graft. There had 
been a complete substitution by fibrous connective tissue poor in cellular activity. 


Doc 12 (killed at two hundred and forty days)—The sheath was left intact. 
It became only slightly adherent; the graft was firmly united. It had become 
rounded and smooth and had acquired the shape of the tendon. Microscopically, 
there was a considerable amount of dead graft left, but it was flanked on all sides 
by a large amount of laminated fibrous tissue. 

Doc 13 (killed at two hundred and forty days).—The sheath was left intact. 
There was no evidence of the graft; there was considerable fibroblastic activity. 

Doc 14 (killed at two hundred and forty days)—The sheath was left intact. 
The animal was the largest subject used. The graft was tremendously hyper- 
trophied and lengthened. It was smooth and glistening. Microscopically, the 
blood supply was better than in the others. There was no evidence of the dead 
graft; not much cellular reaction was noted; there was moderately dense fibrous 
tissue. 

Doc 15 (killed at two hundred and sixty days).—The sheath was left intact. 
Microscopically, there were no definite signs of the dead graft; there were large 





Fig. 12.—End result of the transplant in dog 15. 


amounts of loose areolar tissue. The silk had been broken up and was surrounded 
by fibrous tissue. Cross section showed a regular tendon-like structure. 


Doc 16 (killed at two hundred and eighty-five days ).—The sheath was left intact. 
The graft could not be distinguished grossly. Microscopically, there was no 
evidence of the graft. 


SUMMARY 


Twenty-five animals were studied, in which tendon defects had been 
filled with strips of dead (ox) fascia preserved in 70 per cent alcohol. 
The proximal and distal ends of the graft became frayed and edematous 
and were invaded by an ingrowth of young fibroblasts. These later 
worked their way into the interior of the graft, so that as a rule after 
forty-two days little evidence of the dead graft, as such, remained. A 
greater degree of fibroblastic activity was noted with the animals in 
which the tendon sheath was kept intact. This was especially marked 
about the periphery of the graft and appeared to be the forerunner of 
the new sheath of the new tendon. As time went on, the new tissue 
became more compact and laminated. 
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There was no foreign body giant cell reaction except around the 
silk sutures. A small amount of absorption was noted, but not enough 
to have any clinical significance. In other words, the preserved fascia 
was well tolerated. In time there was such a complete substitution that 
it was difficult to tell that the graft had ever been dead. 
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CONGENITAL ANOMALIES OF THE GENITALIA 
ASSOCIATED WITH UNILATERAL 
RENAL AGENESIS 


WITH PARTICULAR REFERENCE TO TRUE UNICORNUATE UTERUS 
REPORT OF CASES AND REVIEW 
OF THE LITERATURE 


HARRIS B. SHUMACKER Jr. M.D. 
NEW HAVEN, CONN. 


Since the middle of the last century a number of authors have called 
attention to the frequent association of congenital anomalies of the 
genitalia and anomalies of the urinary tract. The numerous reports, 
however, of cases of genital malformation in which no urologic investi- 
gation has been carried out and of cases of congenital renal defect in 
which adequate study of the genital system has not been made are 
evidence of the need for reemphasis of the problem. It is my purpose to 
review the literature and to present 3 illustrative cases; the first is an 
instance of true uterus unicornis; the second, a case of uterus bicornis 
bicollis, and the third, an example of uterus bicornis unicollis. In each 
of these there was total agenesis of one kidney and ureter. 

True uterus unicornis is an unusual abnormality, and its combination 
with renal agenesis is a defect of considerable rarity. I have been able 
to find reported in the literature a total of less than 30 such cases, and 
in only a few of these was the diagnosis established before autopsy. The 
first authentic case is that of Puech,’ reported in 1855. Kussmaul ? in 
his classic volume of 1859 cited as an example of true unicornuate uterus 
and renal agenesis a case reported by Chaussier (1817), and almost all 
subsequent reviewers have incorrectly included this. The anomaly was 
in reality a unicornuate uterus with an ectopic kidney on the defective 
side.* Two other cases are attributed to Rokitansky.* Paltauf ° added 
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another case in 1885; Winckel * added 2 cases in 1890, Brackenbury ’ 
1 case in 1891 and Urban * 2 cases in 1899. Single cases have been 
described by Naumann,’ Délaginiére,’® Pestalozza," Alglave,1? McCrae ™ 
Tschischtowitsch,** Guthrie and Wilson,'* Boehme,?* Rosenthal ?7 and 
Oehler.** Guizetti and Pariset * contributed 4 such cases, and Schil- 
ling *° added 2. In Eismayer’s ** excellent review is also listed the case 
of Buhl which had been cited by Paltauf. Paltauf apparently did not, 
however, consider the uterus in this case a true unicornuate uterus. 
Two recent instances are those reported by Dannreuther ** and Duncan.**. 
\vailable data on the 27 cases mentioned are presented in the accom- 
panying table. I have been unable to examine the original reports of 
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6 of these. Not listed are 2 other possible instances, reported by Camp- 
bell ** and Collins,** both examples of renal agenesis and unicornuate 
uterus diagnosed at autopsy. In the report of neither of these, however, 
is it stated whether the anomaly was a true unicornuate uterus or the 
so-called unicornuate uterus with a rudimentary second horn. In all the 
cases mentioned except those of Dannreuther, Duncan, and Guthrie and 
Wilson the diagnosis was apparently made at autopsy and not by clinical 
and surgical observations during life. In the first 2 of these 3 cases 
pyelograms were not obtained, but findings at laparotomy and at cysto- 
scopic examination gave convincing evidence of renal and ureteral 
wwenesis. 

The patients in the cases tabulated varied in age from one day or 
ess ** to 76 years.” The defective development was on the left side in 
ibout 60 per cent of cases. In 9 instances the ovary and tube were 
lescribed as completely absent on the defective side.** The ovary was 
‘ctopic in 11 others,* usually lying above the pelvic brim. In 2 instances 
t lay in an inguinal hernial sac.*® In 2 the ovary was described as 
small, rudimentary or immature.*® Paltauf * has pointed out, however, 
hat in general the ovary on the defective side of a uterus unicornis 
with or without a rudimentary second horn) is likely to be longer, 
though perhaps narrower, than the ovary on the normally developed 
side. Such was the finding in the case of my patient. The fallopian 
ube when present at all on the defective side is almost invariably 
mly a short portion of the fimbriated end. The round ligament was 
ibsent in 3 instances.** It is usually present, however, as a small, poorly 
leveloped structure attached to the cervical portion of the uterus. In 
1 case it was said to have no connection with the uterine body. Winckel 
stated that the broad ligament is absent on the defective side, and this is 
certainly true in general. In a few instances the ligament was described 
as present but only as a thin remnant of the lower portion.*® Where 
an adequate description is given the ovarian ligament is said to extend 
down toward or into the internal inguinal ring. In cases in which the 





24. Campbell, M. F.: Congenital Unilateral Absence of One Kidney: Uni- 
lateral Renal Agenesia, Ann. Surg. 88:1039 (Dec.) 1928. 

25. Collins, D. C.: Congenital Unilateral Renal Agenesia, Ann. Surg. 95:715 
(May) 1932. 

26. (a) Naumann.® (6) Guizetti and Pariset.1® (c) Schilling.2° 

27. (a) Urban. (b) Délaginiére*® (c) Pestalozza.11 (d) McCrae.1% (e) 
Tschischtowitsch.1* (f) Guthrie and Wilson.15 (g) Guizetti and Pariset.1® (h) 
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29. (@) Oehler.18 (b) Guizetti and Pariset.19 
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origin of the ovarian vessels has been traced they have been found to 
arise directly from the aorta and the vena cava. The external genitalia 
are almost invariably normal, although occasionally malformed.*? Other 
congenital anomalies sometimes occur in association with this condition. 

With true unicornuate uterus the menses may be normal, or they 
may be scanty, irregular and painful. As early as 1859, Kussmaul ? 
pointed out that pregnancy and delivery may occur with this anomaly, 
and he cited 4 cases in which 14 pregnancies were reported. Chaussier’s 
patient * alone had 10 pregnancies. In a number of cases spontaneous 
abortions occurred ** but it is impossible from the data available to state 
whether unicornuate uterus predisposes to abortion. Birk ** had a 
patient with unicornuate uterus who had three consecutive breech 
deliveries. 

Some idea as to the relative frequency of this abnormality and that 
of the various other congenital anomalies occurring in females is obtained 
from the report of Pfleiderer.** During a period of twenty years 93 
instances of genital anomalies were seen at the Tubingen Frauenklinik. 
There were 14 instances of rudimentary solid uterus with a solid vagina, 
6 of uterus unicornis with a rudimentary horn, 15 of uterus bicornis 
bicollis with a double or single vagina, 15 of uterus bicornis unicollis, 16 
of uterus septus with a double or single vagina and 27 of uterus arcuatus. 
There was no case of true unicornuate uterus. 

Thus far only true unicornuate uterus has been considered. The 
so-called unicornuate uterus with a rudimentary second horn is met with 
much more commonly and is likewise frequently associated with uni- 
lateral renal agenesis. Kussmaul ? collected reports of 5 such cases from 
the literature ; Ballowitz ** 12, and Bolaffio* collected 19. It is, how- 
ever, frequently difficult to ascertain from the description in the literature 
whether the given case was one of uterus unicornis with a rudimentary 
horn on the defective side or one of uterus bicornis with a rudimentary 
horn. Ejismayer ** listed all these previously cited cases under the gen- 
eral heading of uterus bicornis cum rudimento cornus unius lateris and 
described the uterus in all but 4 of them as definitely bicornuate. He 


32. (a) Winckel. (b) Guthrie and Wilson.15 (c) Guizetti and Pariset.® 

33. (a) Brackenbury.? (b) Dannreuther.?? 

34. Birk, J. W.: Pregnancy in Uterus Unicornis, Illinois M. J. 59:30 (Jan.) 
1931. 

35. Pfleiderer, A.: Ueber Gebarmuttermissbildungen, Monatschr. f. Geburtsh. 
u. Gynak. 82:401 (Aug.) 1929. 

36. Ballowitz, E.: Ueber angeborenen, einseitigen, vollkommenen Nierenmangel, 
Virchows Arch. f. path. Anat. 141:309, 1895. 

37. Bolaffio, M.: Zur Kenntnis der kombinierten Missbildungen des Harn- 


und Geschlechtsapparates beim Weibe, Ztschr. f. Geburtsh. u. Gynak. 68:261, 
1911. 44% 
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added from the literature reports of 11 similar cases. Jung ** and 
Pfleiderer *° have recently reported additional examples. 

Unicornuate or bicornuate uterus with a rudimentary horn is, then, 
similar to true unicornuate uterus in its frequent association with solitary 
kidney. Additional complications, however, may accompany these anom- 
alies, which are not met with in cases of true unicornuate uterus, namely, 
(1) hematosalpinx and hematometra on the rudimentary side and (2) 
pregnancy in the rudimentary horn. Paltauf* collected reports of 23 
cases of pregnancy in the rudimentary horn, in which the condition was 
observed at autopsy. In 14 cases rupture had occurred. Pregnancy 
with rupture is a rather frequent occurrence. Lantuéjoul *® recently 
reported such a case, in which death occurred from rupture. 

Unilateral renal agenesis is also found in association with various 
other anomalies of the female genital tract. Eismayer ** collected from 
the literature reports of 7 cases in which it occurred in association with 
a defect or maldevelopment of one tube or absence of one tube and ovary. 
In general, it may be stated that when renal agenesis occurs in cases of 
genital anomaly with unilateral defective development, the kidney is 
always absent on the same side with the genital defect. 

Renal agenesis occurs in association with symmetric genital anomalies 
as well as with unilateral defects. Eismayer ** found 18 cases in which 
the condition occurred in association with rudimentary genital develop- 
ment on both sides. Among these were instances of complete absence of 
the vagina, the uterus and the tubes. A recent case of this type was 
reported by Adams.*® Of particular importance is the occurrence of 
solitary kidney in patients with the relatively common types of double 
uterus. Although the patients in many reported cases of double uterus 
were not subjected to any urologic investigation, there is good reason to 
believe that double uterus is rather frequently associated with unilateral 
renal agenesis. Eismayer ** collected reports of 40 such cases in 1923. 
In 3 of these the defect was extremely slight (uterus septus or bilocu- 
laris). Cosgrove and Waters*! and van Gelderen ** have recently 


38. Jung, M.: Ueber den Begriff des Uterus pseudounicornis, Monatschr. f. 
Geburtsh.-u. Gynak. 75:131 (Nov.) 1926. 

39. Lantuéjoul, P.: Utérus unicorne avec corne accessoire rudimentaire; 
grossesse dans la corne rudimentaire; rupture spontanée, Bull. Soc. d’obst. et de 
gynéc. 21:170 (March) 1932. 

40. Adams, E. A.: Report of a Case of Congenital Single Kidney with 
Associated Absence of Uterus and Vagina, New England J. Med. 200:1037 
(May 16) 1929. 

41. Cosgrove, S. A., and Waters, E. G.: Eclampsia in a Patient with a 
Duplex Uterus and a Single Kidney, Am. J. Obst. & Gynec. 9:360 (March) 1925. 

42. van Gelderen, C.: Agenesia renis, Uterus bicornis duplex, Vagina septa 
resp. subsepta, Beitr. z. path. Anat. u. z. allg. Path. 81:213 (Nov. 28) 1928. 
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reported instances of double uterus associated with a single kidney. My 
second and third cases illustrate this type of congenital malformation. 

Renal agenesis is not the only abnormality of the urinary tract found 
in association with uterus unicornis and the other malformations of the 
genital tract. I have previously referred to the early case of Chaussier.* 
Paltauf ° also reported a case of true unicornuate uterus associated with 
an ectopic pelvic kidney on the defective side. Bolaffio ** found in his 
review of combined renal and genital abnormalities 1 case of true uni- 
cornuate uterus in which the anomaly was associated with a rudimentary 
kidney and 12 in which it was associated with renal agenesis. Uterus 
unicornis with a rudimentary horn, was found in association with a 
rudimentary kidney in 1 case, with an ectopic kidney in 8 cases and with 
a solitary kidney in 19 cases. A double separate uterus with a double 
vagina and an ectopic kidney were present in 1 case. A rudimentary 
uterus, wholly or partially solid, was found in association with an ectopic 
kidney in 16 cases and a solitary kidney in 10 cases. Uterus bicornis 
septus or subseptus was associated in 6 instances with a rudimentary 
kidney, in 3 with an ectopic kidney and in 25 with a solitary kidney. Of 
the cases of uterus introrsum, arcuatus and planifundalis, septus, sub- 
septus and simplex, a rudimentary kidney was found in 2, an ectopic 
kidney in 3 and a solitary kidney in 3. Guizetti and Pariset *® reported 
an instance of fused kidney associated with uterus bicornis unicollis. 
They had 3 male and 2 female patients with congenital malformation of 
the genitalia, associated with an ectopic kidney. 


It is exceedingly difficult to estimate the percentage of patients in 
whom renal agenesis is associated with unicornuate uterus or with other 
genital anomalies, because of the lack of investigation of the urinary 
tract in many of the reported cases. More data are available concern- 
ing the incidence of genital anomalies among patients presenting unilat- 
eral renal agenesis. 


One of the first authors to collect a large series of cases was Ballo- 
witz,°** who found 210 cases reported in the literature, to which he 
added 3 of his own. Genital defects were more common in females (41 
instances in 71 females) than in males (28 instances in 113 males). 
Among the 41 females with anomalies of the genitalia were 5 with true 
unicornuate uterus and 13 with unicornuate (or bicornuate) uterus with 
a rudimentary horn. 

A number of other authors who have subsequently reviewed the lit- 
erature or have presented the results of series of autopsies are Radasch,** 


43. Radasch, H. E.: Congenital Unilateral Absence of the Urogenital System 
and Its Relation to the Development of the Wolffian and Miillerian Ducts, Am 
J. M. Sc. 186:111, 1908. 
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Anders,** Guizetti and Pariset,’® Dorland,*® Eisendrath,** Goldstein,‘ 
MacKenzie and Hawthorne,** Campbell,?* Collins 25 and Gutierrez. 
Anders added 61 cases from the Philadelphia hospitals to the 225 
reported cases of “genuine single kidney.” Of his own cases, descrip- 
tions of the genitalia were available for 27, in 19 of which some con- 
genital anomaly existed. Of the entire 286, data were available on 135, 
in 94 of which some congenital defect of the genitalia was present (40 
males, 49 females and 5 patients whose sex was not stated). Guizetti 
and Pariset*® encountered unilateral renal agenesis 39 times among 
20,000 autopsies at Parma. There was a complete description of the 
genital organs of only 8 of the 27 males. Only 1 of the 8, however, 
showed normal development of the genitalia. The most common anomaly 
in his series as well as in other series reported was absence of the ductus 
deferens, the seminal vesicle and the ejaculatory duct on the side on 
which the kidney was absent and sometimes, in addition, absence of the 
body and tail of the epididymis. Eight of the 12 females had some 
genital malformation. Two lacked the vagina and the uterus, 1 had a 
uterus bicornis unicollis and 5 had true uterus unicornis. Of Campbell’s ** 
patients, 1 of 5 males and 2 of 4 females showed anomalies of the 
genital organs. Collins *° listed a total of 581 cases. Nearly 90 per cent 
of the females and about one fourth of the males had anomalies of the 
genitalia. Gutierrez,*® Eisendrath *® and others expressed the belief 
that cases other than those in which the condition was true renal agenesis 
have been included in most of the reviews, and Gutierrez estimated that 
from 30 to 40 per cent of the reported cases should be excluded. He 
agreed with others that the incidence of genital anomalies associated 
with solitary kidney is high and that it is higher in females (about 70 
per cent) than in males. He estimated that the incidence of true renal 
agenesis in a series of 92,690 reported autopsies was about 1 in 1,600. 


44. Anders, J. M.: Congenital Single Kidney with Report of a Case: 
The Practical Significance of the Condition with Statistics, Am. J. M. Sc. 139: 
313, 1910. 

45. Dorland, W. A. N.: A Consideration of Renal Anomalies, Surg., Gynec. 
& Obst. 13:303, 1911. 

46. Eisendrath, D. N.: Congenital Solitary Kidney, Ann. Surg. 79:206 
(Feb.) 1924. 

47. Goldstein, A. E.: Congenital Absence of One Kidney, with a Review of 
the Literature and Report of Two Cases, South. M. J. 18:750 (Oct.) 1925. 

48. MacKenzie, D. W., and Hawthorne, A. B.: Unilateral Renal Aplasia, 
Surg., Gynec. & Obst. 46:42 (Jan.) 1928. 

49. Gutierrez, R.: Surgical Aspects of Renal Agenesis, with Special Refer- 
ence to Hypoplastic Kidney, Renal Aplasia and Congenital Absence of One 
Kidney, Arch. Surg. 27:686 (Oct.) 1933. 
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REPORT OF CASES 


Case 1.—Left uterus unicornis; right renal and ureteral agenesis; abnormal 
umbilical ligament. 


D. W., a girl aged 13, was admitted to the hospital on Feb. 20, 1937, com- 
plaining of abdominal pain, nausea and vomiting of eight hours’ duration. 

She had felt entirely well the preceding day and had eaten nothing unusual. 
About 5 a. m. on the day of admission she was awakened with mild cramps in 
the lower part of the abdomen. Shortly afterward she passed a normal stool; 
then she became nauseated and vomited. She vomited again an hour later after 
taking sodium bicarbonate and again at noon after drinking a glass of milk. The 
vomitus contained no blood. She had three additional stools during the day; they 
were all soft, formed and brown, without blood or mucus. The cramplike pains 
in the lower part of the abdomen gradually grew more severe until a half hour 
before admission, when they became milder. There remained a diffuse soreness 
of the lower part of the abdomen. There was never any definite localization on 
one side or the other. She had marked anorexia. She presented no cardio- 
respiratory or genitourinary symptoms. 

The family history included no report of congenital or familial diseases. 

The patient had enjoyed good health, although her parents had always con- 
sidered her a delicate child. She had had a number of the usual childhood diseases, 
including scarlatina. A review of systems did not reveal anything remarkable. 
She had never had an attack similar to the present one, but had had fairly 
frequent attacks of “indigestion” which she associated with dietary indiscretion. 
These were characterized by epigastric distress, severe headache and occasionally 
nausea and vomiting. They always subsided within an hour or so with no treat- 
ment beyond rest in bed. The bowels moved regularly two or three times daily; 
the stool was always normal in color and consistency. She had had considerable 
difficulty in overcoming enuresis, but had corrected it several years previously by 
being awakened to urinate at certain intervals during the night, since which time 
she had had nocturia one or two times. Occasionally she had some urgency to 
urinate, and if micturition were delayed she would sometimes void incontinently. 
There were no other urinary symptoms. She had never menstruated. 

Examination revealed a nervous, apprehensive child,'a little underdeveloped for 
her years. She was uncomfortable but in no great pain. The face was flushed; 
the skin was warm and moist. The chief center of interest was the abdomen. 
It was of normal contour, without distention, visible mass or peristaltic waves. 
The umbilicus was normal in appearance. There was tenderness to moderate 
pressure in both lower quadrants, consistently more on the right side than on the 
left and constantly maximal directly over McBurney’s point. Although there 
was no involuntary spasm, there was a tendency during palpation to splinting of 
the right lower quadrant and not of the left. There was no cutaneous hyper- 
esthesia and no evidence of irritation of the psoas or obturator muscles. The 
external genitalia were normal; the vaginal outlet was virginal. During rectal 
examination the patient complained bitterly, and she cooperated so poorly that it 
was impossible to ascertain whether there was any real pelvic peritoneal sensitive- 
ness. No mass was felt. Bimanually, the internal genitalia were not palpable, 
but no particular significance was attached to this preoperatively because the 
examination was so unsatisfactory. The urine was normal. The erythrocyte count 
was 5,980,000, and the hemoglobin content 97 per cent. The leukocyte count was 
11,500, with 84 per cent polymorphonuclears (27 per cent nonsegmented), 6 per 
cent lymphocytes, 8 per cent mononuclears, 1 per cent eosinophils and 1 per cent 
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basophils. The Kahn test gave a negative reaction. The blood was of group I 
(Jansky). The temperature was 101.4 F.; the pulse rate, 112; the respiratory rate, 
20, and the blood pressure, 112 systolic and 86 diastolic. 


Although the history and findings were certainly not typical, it was felt that if 
the picture was sufficiently suggestive of acute appendicitis to make laparotomy 
advisable. } 

A low right rectus incision was made. No free fluid was seen when the j 





peritoneum was opened. The appendix was normal in appearance; the cecum and L 
ascending colon presented no abnormality; the ileum showed nothing unusual ; { 
Meckel’s diverticulum was not seen, and there was no mesenteric adenitis. There 
was an extraordinary umbilical ligament which divided the pelvis almost com- | 
pletely into two parts. Its upper border was attached to the anterior abdominal ! 
} 
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Fig. 1—Diagrammatic sketch of the umbilical ligament as viewed from within 
the abdomen. 







wall, and along this was a thickened urachus extending from the umbilicus to the 
vertex of the bladder. The ligament was falciform and was of such breadth that 
its lower edge almost touched the pelvic floor throughout its length. Along the + 
dorsal border was the thickened, obliterated right umbilical artery, about 0.3 cm. i 
















in diameter, attached to the umbilicus at its cephalad end and deep on the right it 
lateral pelvic wall just beyond the distal portion of the hypogastric artery at its i 4 
caudad. Thus the ligament occupied the midline in its upper portion but swerved to ia 
the right in its lower portion. It was in reality a large anomalous ligament if 


formed by fusion of the median and right lateral umbilical ligaments (fig. 1). ha 
No left lateral ligament or left umbilical artery was found. The ligament was i 
retracted with some difficulty, and the pelvic organs were exposed. The uterus 
was a small unicornuate body, firm and cylindric, about 1 cm. in diameter and A 
3.5 cm. in length. There was no definite demarcation between its fundal and | 
cervical portions. It lay on the pelvic floor, its upper end directed a little to the 
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left. There was a thin broad ligament on the left, with small uterine vessels. A 
small round ligament ran from the fundus to the internal inguinal ring. The left 
tube arose at the cornual end and was 4 or 5 cm. in length; it was normal in 
appearance, with an open fimbriated end. The left ovary was not remarkable; 
it measured about 4 by 1 by 1 cm. and occupied a vertical position a little higher 
than normal along the pelvic wall. Its ligaments were normal. On the right side 
there was no uterine body and no broad ligament or uterine vessels. The uterine 
serosa was unattached along its right border and was fused over the cervical 
portion with the bladder reflection anteriorly and with the pelvic peritoneal wall 
laterally and posteriorly. The uterus was rotated on its axis to the left, so that 
the left cornual end was a little posterior and to the right. The only structure 
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Fig. 2.—Diagrammatic sketch of the urogenital anomaly observed in case 1. 


on the right side with any connection with the uterine body was a thin string of 
muscular tissue which was identified as the round ligament and which passed from 
the right lateral cervical region across the lower reflection of the bladder along 
the parietal wall near the insertion of the obliterated umbilical artery and dis- 
appeared in the parietal peritoneum near the internal inguinal ring. The right 
ovary was larger than the left (about 5 by 1.5 by 1.5 cm.) and lay in a vertical 
position high above the pelvic brim along the inner side of the cecum. Its vessels 
entered at its upper lateral margin. From the caudad end a thin ovarian ligament 
extended toward the internal inguinal ring for a distance of from 1.5 to 2 cm., 
being fused at that point with the parietal peritoneum. Along the lateral border 
of the ovary, suspended in its own short mesosalpinx, was the fimbriated end of 
the tube, the remainder being absent. It was about 2 cm. in length, with one end 
fimbriated and open and the other end closed (fig. 2). No ureter was seen on the 
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right. There seemed no need for interference with the umbilical ligament. The 
appendix was amputated in the usual fashion, its stump being inverted with a 
pursestring suture, and the abdominal wall was closed in layers. 

Postoperatively the patient did well. The wound healed per primam. Intra- 
venous pyelograms (16 cc. of diodrast being used) showed a large kidney on the 
left side (12 by 6 cm.) with normal calices, pelvis and ureter (fig. 3). No renal 
shadow was seen on the right side in the plain roentgenogram or during excretion 
of the dye, and no kidney could be palpated on this side. Cystoscopic examination 
was made with a no. 20 posterior sheath cystoscope, which was easily passed. The 
bladder was readily visualized. The mucosa appeared normal, and the bladder 
seemed symmetric. On the left a normal ureteral orifice and ureteral ridge were 
present, while the interureteral bar, the right ureteral ridge and the orifice were 


| 





Fig. 3 (case 1).—Roentgenogram taken five minutes after the injection of 
16 cc. of diodrast. 


absent. Culture of the urine was sterile. The phenolsulfonphthalein test revealed 
an excretion of 22 per cent in seven minutes, a total of 57 per cent in one hour 
and 67 per cent in two hours. The patient, under nitrous oxide anesthesia, was 
examined by Dr. H. L. Thoms, who found normal external genitalia and a normal 
small vagina and cervix. The uterocervical canal was measured with a small probe 
and was found to be 3 to 4 cm. in length. Thé patient was discharged on March 6. 


Case 2.—Uterus bicornis bicollis; left renal and urcieral agenesis. 


C. W., a girl aged 19, had been born and reared in China. The family history 
was noncontributory. In her second year the patient had an unexplained acute 
febrile illness. She had had dysentery, measles, mumps, whooping cough and 
otitis media. The menses began at the age of 11; they were always irregular and 
rather prolonged and were accompanied by pain, especially on the right side. As 
‘early as 1931 she was having a great deal of abdominal pain in addition to the 
dysmenorrhea, and in 1932 she had a laparotomy performed in Peiping. A 
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bicornuate uterus was found, and an appendectomy was done. She was examined 
in August 1936 and was found to have compensated mitral stenosis, chronic 
nephritis and severe chlorotic anemia. By. October she was having a great deal 
of edema of the ankles. She had had nocturia (two or three times) as long as 
she could remember. She was admitted to the medical service of the New Haven 
Hospital in November for diagnostic study and was readmitted in February 1937. 
She was a short, rather stout girl with a flat nose, a broad face, thick features, 
short arms and legs and obese buttocks and hips. There was an apical systolic 
murmur. The right kidney was palpable, but the left was not. Numerous 
laboratory studies were done. There was microcytic anemia. Examination of the 
urine revealed albumin, hyaline and granular casts and occasional red cells and 
leukocytes. The urine was loaded with colon bacilli until three weeks before the 
patient’s discharge on May 29. The nonprotein nitrogen content was normal; the 
total protein content of the plasma was low (4.1 mg. per hundred cubic centi- 
meters). The phenolsulfonphthalein test revealed a total two hour excretion of 55 
per cent but a poor distribution curve during the excretion period. Intravenous 
pyelograms taken on two occasions showed a large kidney on the right and none 
on the left. Because of frequent and profuse menses curettage was performed. 
After a long period of treatment the patient was discharged improved. The 
diagnosis was congenital aplasia of the left kidney; pyelonephritis of the right 
kidney ; uterus bicornis ; endometrial hyperplasia; and dwarfism from an unknown 
cause, perhaps renal. In June she returned to the gynecologic service because 
of continued and profuse uterine bleeding. Cystoscopic examination showed 
normal vesical muscosa, normal capacity, a normal ureteral orifice and ridge on 
the right side and no ridge or orifice on the left. Because of the continued 
bleeding it was necessary to do a hysterectomy, particularly in view of the patient’s 
general condition and the inadvisability of her becoming pregnant at any time. 
At operation a perfectly symmetric uterus bicornis bicollis was found, the two 
horns being attached in the cervical portion. There was a normal tube and ovary 
on each side. Supravaginal hysterectomy was done. Convalescence was uneventful. 


Case 3.—Uterus bicornis unicollis; pyometrium in the right horn with spon- 
taneous uterovaginal fistula; right renal and ureteral agenesis. 


E. B., a girl aged 15, complained of vaginal discharge. The family history 
was noncontributory, and the patient’s history was unimportant except for 
symptoms referable to the genitourinary system. The menses began at the age 
of 12 but ceased after two scanty periods. They were reestablished in June 1936, 
after which they recurred regularly at thirty day intervals, the duration being 
five days and the flow moderate. There was slight pain during the first two 
days. In the fall of 1936 she began to have a faint brownish vaginal discharge 
without any noticeable odor, most marked before and after each period but per- 
sisting during the interval. It never required the wearing of a pad. 

She dated her present illness back to six months before admission to the 
hospital, when there was a noticeable increase in the vaginal discharge, which 
had become bloody or dark brown. For three months there was a foul odor, 
and for several weeks she had had to wear a pad. For two months there had 
been occasional enuresis but no other urinary symptoms. For about one week 
she had complained of rather severe pain in the right lower quadrant of the 
abdomen. Several days before admission there had been a sudden increase in 
the vaginal discharge, after which the pain had largely subsided. She was 
admitted to the hospital on September 18. 

General examination disclosed nothing remarkable, and pelvic examination 
gave no conclusive information except that there was a small vaginal fistulous 
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opening to the right of the cervix, which had not been found on the patient’s 
previous visits to the dispensary. Just above the sinus tract was a fluctuant, 
tender swelling, pressure on which caused an evacuation of thick foul-smelling 
pus through the fistula. The rectal temperature was 99.6 F., and the white blood 


Fig. 4 (case 3).—A, roentgenogram taken after injection of 15 cc. of skiodan 
through the vaginal fistula, showing the right uterine horn and tube. B, visuali- 
zation of left uterine horn and tube after injection of iodized poppyseed oil. 





Fig. 5 (case 3).—Roentgenogram taken five minutes after injection of 15 cc. 
of diodrast. 


cell count was 13,100. The urine was normal. 
was 28 mg. per hundred cubic centimeters. The phenolsulfonphthalein test 
revealed a total excretion of 60 per cent. Culture of the vaginal discharge 
showed nonhemolytic streptococci, B. coli and Staphylococcus albus. The sinus 
tract was probed; a 0.5 ureteral catheter was introduced; 15 cc. of skiodan was 


The nonprotein nitrogen content 
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injected, and roentgenograms were taken. Subsequently iodized poppyseed oil was 
injected through the cervix, and intravenous pyelograms were taken, followed 
by cystoscopic examination and exploratory laparotomy. 

The injection of skiodan through the fistula (fig. 44) outlined the right 
uterine horn and tube; the intracervical injection of iodized poppyseed oil, the 
‘eft uterine horn and tube (fig. 4B). The pyelograms showed a normal large 
left kidney but none on the right (fig. 5), and cystoscopic examination revealed 
absence of the right ureteral orifice and ridge. At laparotomy two separate uterine 
bodies were seen. That on the right was a little larger than that on the left. 
Each had a normal-appearing fallopian tube, and there was a normal ovary on 
either side. The two uterine horns seemed to join in a single cervix. By exami 
nation with a speculum it was seen that the cervix was normal in position and 
appearance. A probe introduced through the cervix passed into the left horn 
and not into the right, whereas a probe inserted in the fistula passed into the 
right horn. The final impression was that the patient had uterus bicornis unicollis 
with stenosis of the right internal os, accumulation of secretions and finally 
pyometrium in the right horn with rupture into the vagina. 


COMMENT 


The embryologic development of the female genitourinary system has 
been carefully worked out, and a complete description may be found in 
available sources.*°® Suffice it to say that there is general agreement as 
to the development and eventual degeneration of the pronephros, the 
metanephros and the wolffian duct, the origin of the metanephric or 
renal bud, the formation of the genital fold in which the ovary arises, 


the development of the miillerian ducts and the fusion of their lower 
portions to form the uterus. The role of the original mesentery of the 
mesonephric and genital folds in the formation of the mesosalpinx, the 
broad ligament and the mesovarium, as well as the role of the inguinal 
fold in the development of the round ligament, is likewise well known. 
The debated question as to the dual or single origin of the vagina is of no 
present concern. The intimate association of the genital and urinary 
tracts in their embryologic development explains the frequency of con- 
comitant malformation of the two systems. There is general agreement 
that the true unicornuate uterus represents a real agenesis of the entire 
miillerian duct (when no fallopian tube is present) or an almost complete 
agenesis of this structure (when the fimbriated end is present). It is 
felt that so-called unicornuate uterus with a rudimentary second horn is 
the result of a different defect.** With this anomaly, the miillerian duct 


50. (a) Felix: Development of the Urogenital Organs, in Keibel, F., and 
Mall, F. P.: Manual of Human Embryology, Philadelphia, J. B. Lippincott 
Company, 1912, vol. 2, chap. 19. (b) Koff, A. K.: Embryology of the Female 
Generative Tract, in Curtis, A. H.: Obstetrics and Gynecology, Philadelphia, 
W. B. Saunders Company, 1933, vol. 1, chap. 17. 

51. Kermauner, F.: Die Fehler in der Verschmelzung der Miillerschen Gange, 
Ztschr. f. Geburtsh. u. Gynak. 72:724, 1912. Felix.5% 
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apparently develops originally throughout its length, but there is a 
failure of fusion with the other duct, and varying degrees of maldevel- 
opment occur subsequently. The various types of double uterus are 
explained on a basis of incomplete fusion. As to the cause of the 
various genital anomalies, many opinions have been expressed,*! but 
these are of necessity only theories. 

Of particular interest in my first case was the anomalous umbilical 
ligament. Such a one as this must be an unusual occurrence, as Cullen °* 
mentioned no case quite like it in his exhaustive treatise. In my experi- 
ence a similar defect in a young Negro who had no other apparent 
anomaly has been observed, and several other not dissimilar cases have 
been found in the literature. Schilling *° presented the case of a 1 day 
old infant with a left true unicornuate uterus in which the left umbilical 
artery was entirely absent and the right arose deep along the right pelvic 
wall, just as it did in my patient. He also noted the lack of one umbilical 
artery in a fetus with an extremely rudimentary uterus. In a third 
patient, a 2%4 day old baby, there was a left unicornuate uterus and a 
large and thickened right umbilical artery. He cited Kermauner as hav- 
ing also noted the lack of one umbilical artery, and he pointed out that 
in this case of unicornuate uterus with a rudimentary horn the lateral 
umbilical ligament was also anomalous on the side of defective develop- 
ment. Schilling stated that he could draw no conclusions from these 
observations. It may be postulated that an unusually large umbilical 
artery or a single umbilical artery may by pressure be a factor in the 
lack of development of the miillerian duct on that side or in the failure 
of fusion with the other. 

We have shown that genital and renal anomalies frequently occur 
together, more often in the female than in the male. The genital mal- 
formations which are most often associated with renal agenesis are true 
unicornuate uterus and unicornuate or bicornuate uterus with a rudi- 
mentary horn. In addition, however, the various types of symmetric 
genital anomalies are also not infrequently associated with unilateral 
agenesis of the kidney. The hazard of the solitary kidney has been 
repeatedly pointed out.®* It is frequently the site of disease. Nephro- 
lithiasis, ureterolithiasis, nephritis, pyelitis, pyelonephritis, tuberculosis 
and other disease processes have been frequently found. In too many 
instances the surgical removal of the single kidney has been followed by 
disaster. I have pointed out that genital malformations are likewise 
not without danger. Hematometra and hematosalpinx and pregnancy 
with rupture in the rudimentary horn occur often in unicornuate or 


52. Cullen, T. S.: Embryology, Anatomy and Diseases of the Umbilicus, 
Philadelphia, W. B. Saunders Company, 1916. 
53. Campbell.24 Anders.44 MacKenzie and Hawthorne.*® Gutierrez.*® 
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bicornuate uterus with a rudimentary horn. Certain malformations of 
the internal genitalia require plastic reconstruction. Campbell ** has 
discussed the difficulties met with in the practice of obstetrics. Hence 
it is essential that every patient with anomalous development of the 
genital organs be carefully examined from the urologic standpoint and 
that adequate study of the genital tract be carried out in every instance 
of congenital renal anomaly. Fortunately, cystoscopic and pyelographic 
examination will reveal any such defect in the urinary tract. Uterosal- 
pingography is of great assistance in conjunction with the usual gyneco- 
logic examination in detecting malformations of the uterus. 


SUMMARY 


A case of true unicornuate uterus with unilateral renal and ureteral 
agenesis associated with an anomalous umbilical ligament is presented. 
A second case of uterus bicornis bicollis with unilateral agenesis of 
the kidney and ureter is briefly described. A third case of uterus 
bicornis unicollis with pyometrium in one horn and ureterovaginal fistula 
and with congenital absence of one kidney and ureter is presented. 

The literature is reviewed. 

It is pointed out that genital and renal anomalies occur so fre- 
quently together as to necessitate careful urologic study in each case of 
genital malformation and full investigation of the genital organs in 
each case of renal anomaly. 


Drs. John P. Peters, Clarence L. Robbins and Herbert Thoms and Drs. 
Arthur H. Morse and Ralph H. Jenkins gave me permission to report their cases. 
The illustrations were drawn by Mr. Arnim Hemberger. 
54. Campbell, A. M.: Disturbances Due to Diseases and Abnormalities of 
the Female Genitalia, in Curtis, A. H.: Obstetrics and Gynecology, Philadelphia, 
W. B. Saunders Company, 1933, vol. 2, chap. 31. 








CONCENTRATION OF PROCAINE IN THE CEREBRO- 
SPINAL FLUID OF THE HUMAN BEING AFTER 
SUBARACHNOID INJECTION 


H. KOSTER, M.D. 


A. SHAPIRO, M.D.* 
AND 
A. LEIKENSOHN, M.D. 
BROOKLYN 


From the introduction of spinal anesthesia (in 1899) to the present 
time speculation has been almost continuously rife concerning the 
behavior of the anesthetic after injection. Although the suggestion 
was made as early as 1901 by J. S. Miller * that it would be important 
to study the actual concentration of the anesthetic in the cerebrospinal 
fluid, most attempts to solve the problem have been based on studies of 
the behavior of fluids injected into inanimate models, into cadavers and 
occasionally into experimental animals. On the basis of such studies 
and on a priori reasoning of doubtful validity these authors have con- 
cluded that anesthetic solutions of greater density than the cerebrospinal 
fluid flow downward toward the head if the patient is immediately 
placed in the Trendelenburg position. 

In a recent paper * this point of view has been adopted again, and 
various measures have been indicated to prevent untoward results from 
the high concentration of procaine which it was assumed might reach 
the medullary centers under these conditions. Since this report and 
those which preceded it contained no direct evidence, and since we had 
already obtained data which indicated by inference that procaine solu- 
tions injected into the subarachnoid space of the human being behave 
differently from the same solutions similarly injected in inanimate 
models, further studies were made on the concentration of procaine in 
the cerebrospinal fluid during spinal anesthesia. 


*Dr. Henry Lerner Fellow. 
From the Crown Heights Hospital. 
1. Miller, J. S.: The Present Status of the Subarachnoidian Injection of 


Cocaine for Anesthesia (Corning-Bier Method), New York M. News 78:375-377, 
1901. 


2. Pratt, G. H.: The Safety Factor in Spinal Anesthesia, Surg., Gynec. & 
Obst. 64:695-699, 1937. 
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In a preliminary paper * we reported on the concentration of pro- 
caine in the subarachnoid space at the site of injection at various 
intervals during the course of spinal anesthesia. In this paper we are 
presenting data obtained in a similar manner on the concentration of 
procaine in the spinal fluid three interspaces above the site of injection 
and on its concentration in the cisterna magna. 


METHOD 


One hundred and twenty-two adult patients were studied. -Each patient received 
an injection of 150 mg. of procaine hydrochloride dissolved in 3.5 cc. of cerebro- 
spinal fluid at the interspace between the second and the third lumbar vertebra. 
The injected solution had a specific gravity of 1.0097, as compared with 1.0015 for 
the spinal fluid alone. The patients were then placed in a modified Trendelenburg 
position, at angles of 5 to 8 degrees. 

At different intervals after the injection samples of cerebrospinal fluid were 
withdrawn from various patients. From one group, of 40 patients, samples of 
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Chart 1—Concentration of procaine in the cerebrospinal fluid three interspaces 
above the site of injection in different patients at various intervals after the injec 
tion of the anesthetic. 


1 cc. were withdrawn three interspaces above the site of injection. From another 
group, of 22 patients, samples of about 2 cc. were withdrawn from the cisterna 
magna. The concentration of procaine in these samples was determined, in most 
cases in duplicate or in triplicate, by the micromethod previously described,* with 
an error not over 10 per cent. 

RESULTS 


The concentrations of procaine in the spinal fluid three interspaces 
above the site of injection are shown graphically in chart 1. The 
corresponding data on the concentration of the anesthetic at site of 
injection are shown, for comparison, in chart 2. 


3. Koster, H.; Shapiro, A., and Leikensohn, A.: Procain Concentration 
Changes at Site of Injection in Subarachnoid Anesthesia, Am. J. Surg. 33:245-248, 
1936. 

4. Koster, H.; Shapiro, A., and Posen, E.: A Micromethod for the Quantita- 


tive Determination of Procain in Cerebro-Spinal Fluid, J. Lab. & Clin. Med. 21: 
1096-1098, 1936. 
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At the moment of injection of the anesthetic its concentration in the 
spinal fluid three interspaces above is zero. Chart 1 shows that it rises 
rapidly in the first four minutes to a concentration just below 4 mg. 
per cubic centimeter. At this time the concentration is already approxi- 
mately the same as at the site of injection. From this time on, the 
concentrations three interspaces above and at the site of injection 
decrease at approximately the same rate. 

At no time does the concentration at the dorsal level rise above that 
at the lumbar level, despite the use of the Trendelenburg posture and 
of a solution with a density higher than that of the cerebrospinal fluid. 

Chart 3 shows the concentrations of procaine found in the cisternal 
fluid at various intervals after injection. In 14 instances almost no 
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Chart 2.—Concentration of procaine in the cerebrospinal fluid at the site of 
injection in different patients at various intervals after the injection of the anesthetic. 


procaine was found (less than 0.02 mg. per cubic centimeter). In the 
other 8 instances the concentration ranged from 0.06 to 0.21 mg. per 
cubic centimeter. 

COMMENT 


Many authors (Pratt,? Pitkin,® Co Tui,® Vehrs* and Babcock °), 
having observed phenomena obtained by injection of colored fluids 


5. Pitkin, G. H.: Controllable Spinal Anesthesia, Am. J. Surg. 5:537-553, 
1928. 

6. Co Tui, F. W.: Further Studies in Subarachnoid Anesthesia, Anesth. & 
Analg. 13:143, 1934. 

7. Vehrs, A. R.: Problems in the Hydrodynamics of Analgesics in the Sub- 
arachnoid Fluid of Man: Diazotized Novocaine in Artificial Dural Sacs, West. J. 
Surg. 43:16-32, 1935. 

8. Babcock, W. W.: Spinal Anesthesia in Fact and Fancy, Surg., Gynec. & 
Obst. 59:94-100, 1934. 
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into artificial cerebrospinal systems made of glass tubes, have concluded 
by analogy that anesthetic solutions of greater density than cerebrospinal 
fluid settle in dependent portions of the subarachnoid space shortly 
after injection. On this basis they have devised elaborate systems for 
controlling anesthesia levels by manipulating the position of the patient, 
without, however, providing any adequate statistical evidence for the 
validity of their assumptions. 
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Chart 3—Concentration of procaine in the cerebrospinal fluid in the cisterna 
magna in different patients at various intervals after the injection of the anesthetic. 








20 30 
Minutes after Injection 
Chart 4.—Composite plot of concentrations of procaine in samples of spinal fluid 
obtained at various levels: at the site of injection (open circles, solid line), three 


interspaces above (solid circles, broken line) and at the cisterna magna (solid 
squares). 


Inspection of charts 1 and 2 indicates a considerable range of varia- 
tion among different patients. For example, the patient represented 
by point A in chart 2 showed a concentration of 1.05 mg. per cubic 
centimeter at the site of injection after twenty-five minutes. Another 
patient, represented by point B in chart 1, had a concentration of 2.5 
mg. per cubic centimeter three interspaces above the site of injection 
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after twenty-four minutes. If one were to consider only these two 
observations, made at approximately the same interval after the injec- 
tion of the anesthetic, one would conclude that because of the Trendelen- 
burg position the concentration in the dorsal region was twice that in 
the lumbar region and that it indicated a gravitational displacement 
from the site of injection toward the head. On the same basis one 
might also expect an even higher concentration further cephalad. 

However, an examination of all the data indicates that conclusions 
drawn from these two observations alone would be wholly erroneous. 
On the contrary, the average concentration is never greater in the 
dorsal region than in the lumbar region, and the concentration in the 
cisterna magna is always considerably lower than at either of the other 
sites investigated. 

To show more clearly the simultaneous values for the concentration 
of procaine at the three levels investigated, all of the determinations 
have been plotted on the same axes in chart 4. This chart clearly 
demonstrates the essential phenomena of the distribution of procaine 
in the subarachnoid space of the patient during spinal anesthesia. The 
injected procaine spreads rapidly away from the site. of injection, so 
that in the first few minutes the concentration decreases rapidly there 
while it is rising at the dorsal level. When the concentration at the 
dorsal level has reached its maximum, it decreases at a rate approxi- 
mately the same as that at the lumbar level, and presumably for the 
same reasons. 

The maximum concentration at the site of injection is that of the 
injected solution (43 mg. per cubic centimeter) at the moment of injec- 
tion. The maximum concentration only three interspaces above is never 
above 4 mg. per cubic centimeter and is reached in four minutes. This 
great decrease is continued in the cephalad direction, so that the 
cisternal values are never greater than 0.21 mg. and are frequently 
less than 0.02 mg. per cubic centimeter. 

In other words, our observations indicate definitely that in the 
living human patient the Trendelenburg posture does not cause a 
procaine solution of greater density than cerebrospinal fluid to flow 
downward toward the head. 
SUMMARY 


With 122 patients anesthetized by the injection of 150 mg. of 
procaine hydrochloride into the subarachnoid space, the concentration 
of the anesthetic was determined at various intervals after the injection: 
(1) in 60 patients, at the site of injection; (2) in 40 patients, three inter- 
spaces above the site of injection, and (3) in 22 patients, in the cisterna 
magna. The data indicate that the injected anesthetic is distributed 
rapidly cephalad. The peak concentration reached at a particular level 
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during anesthesia decreases rapidly in the cephalad direction, so that in 
the cisterna magna the concentration of procaine was never above 
0.21 mg. per cubic centimeter, and in 14 of 22 samples it was less than 
0.02 mg. 


These findings do not support the assumption that the Trendelenburg 
position causes concentrated solutions of procaine to flow down to the 
cisterna as do colored solutions in inanimate models. 
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It has been shown previously that a liver injured by biliary disease 
is unable to concentrate bile acids in bile. Two of us in association with 
Nettrour and Bollman* have demonstrated that the loss of this function 
parallels the degree of hepatic injury. While a normal liver was found 
to concentrate from 2,000 to 3,000 mg. of bile acids in each hundred 
cubic centimeters of bile, a severely injured liver did not concentrate 
more than 500 mg. 

It was noted also that an inhibition in the concentration of bile acids 
by the liver followed operations on the biliary tract. The concentration 
of bile acids decreased progressively until the third or fourth day after 
operation and then gradually returned, reaching the same concentration 
on the ninth day as had existed immediately after operation. This was 
taken to represent the time at which the liver had completely recovered 
from the temporary inhibition of function resulting from conditions 
associated with the surgical procedure. After a variable period there 
was a further increase in the concentration of bile acids in the bile, and 
a plateau was reached between the second week and the third month after 
operation. We expressed the opinion that this represented the recovery 
of the liver from temporary injury resulting from the biliary disease that 
existed before operation. The final plateau reached was below the normal 
level in all cases in which there was clinical and pathologic evidence of 
permanent injury of the liver. 

This report deals with the results of the study of the effect of opera- 
tion on the liver. The influence of the length of the operative procedure, 


From the Division of Surgery, the Mayo Clinic. 

1. Gray, H. K.; McGowan, J. M.; Nettrour, W. S., and Bollman, J. L.: 
Hepatic Damage in Biliary Disease: Its Relation to the Concentration of Bile Acids 
in the Bile, Arch. Surg., to be published. 
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of the choice of the anesthetic agent, of the drugs used in postoperative 
care, of the postoperative febrile reaction and of the clamping off of the 
T tube were estimated. As an indicator of the effect on the liver, the 
concentration of bile acids in bile was used. Daily and at times hourly 
samples of bile were collected from patients into whose common bile 
duct a T tube had been inserted for prolonged biliary drainage. 

Bollman, Mann, and one of us,? who corroborated the work of 
McMaster, Broun, and Rous,’ observed a decrease in the concentration 
of bile acids in the bile of 11 dogs which had normal livers after the 
removal of the gallbladder and the placing of a cannula in the common 
bile duct during ether anesthesia. There was a decrease also in the 
total amount of bile acids excreted in the bile, and none appeared in the 
blood or in the urine. In other words, the liver had partly lost its ability 
to produce and to concentrate bile acids. The total output of bile acids 
rose to above normal on the fourth postoperative day and then settled 
down to a constant level on the sixth postoperative day. 

In the work which we are reporting we have attempted to find out 
whether any factors related to the surgical procedure were responsible 
for the postoperative inhibition of hepatic function and whether there 
was any fluctuation in the concentration of bile acids from one time of 
the day to another. 


Josephson and Larsson,* Forsgren,®’ and Trémoliéres and his asso- 


ciates ®° claimed that there was a periodic variation in the flow of bile 
in six hours. Wisner and Whipple,’ on the other hand, failed to find 
any difference in the flow of bile during the day and during the night. 

We attempted also to find reasons for incidental decreases in the con- 
centration of bile acids during convalescence in order to determine 
whether complications of the condition or drugs given for relief of 
symptoms injured the liver. 


2. McGowan, J. M.; Bollman, J. L., and Mann, F. C.: The Bile Acids in 
Icterus Produced by Toluylenediamine, J. Pharmacol. & Exper. Therap. 58:305- 
311 (Nov.) 1936. 

3. McMaster, P. D.; Broun, G. O., and Rous, P.: Studies of the Total 
Bile: I. The Effects of Operation, Exercise, Hot Weather, Relief of Obstruction, 
Intercurrent Disease, and Other Normal and Pathological Influences, J. Exper. 
Med. 37:395-420 (March) 1923. 

4. Josephson, B., and Larsson, H.: Ueber die Periodizitat der Gallensekretion 
bei einem Patienten mit Gallenfistel, Skandinav. Arch. f. Physiol. 69:227-236, 1934. 


5. Forsgren, E., cited by Josephson and Larsson.* 


6. Trémoliéres, F.; Thiéry, J. E., and Fauchet, H.: Etude d’une fistule 
biliaire chez "homme, Rev. de méd., Paris 50:509-531 (Oct.) 1933. 

7. Wisner, F. P., and Whipple, G. H.: Variations in Output of Bile Salts 
and Pigments During Twenty-Four Hour Periods: Observations on Standard 
Bile Fistula Dogs, Am. J. Physiol. 60:119-133 (March) 1922. 
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Bollman and Mann* and Smyth and Whipple ® have shown that 
small doses of hepatotoxins, that is, chloroform, carbon tetrachloride ) 
and tetrachlorethane, produced a definite decrease in the concentration 1 
of bile acids in the bile. 





POSTOPERATIVE DROP IN THE VALUES OF BILE ACIDS IN BILE 















All the patients exhibited a distinct drop in the level of the bile acids 
after the operation. This drop was pronounced and was present imme- 
diately after operation ; it often reached its maximum on the third post- 
operative day. The possible effect of anesthesia, the operative procedure 
and the postoperative measures generally employed were studied. 




























EFFECT OF ANESTHETIC AGENTS 
Ether, cyclopropane and ethylene were used alone and in combina- 

tion. In addition, spinal anesthesia and regional abdominal block with 

procaine hydrochloride were used alone and in combination with one 

of these gases. 
For the sake of brevity, a few cases in which the quantitative deter- 

minations of bile acids were made on the third and the fifteenth post- 

operative day are listed, in order to give an impression of the extent 

of the postoperative drop. By the fifteenth day the recovery from the 

postoperative drop should be complete, although the value for the con- 

centration of bile acids may not return to normal until much later. The 

reason for this is that in cases in which there is a considerable amount 

of hepatic injury before operation the regeneration of the liver after 

surgical relief of biliary obstruction must of necessity be slow. * 
In order to control the comparison of the anesthetic agents as well 

as possible, the cases were classified as to the amount of preoperative 

injury of the liver according to the standards used in a previous com- 

munication. A group of cases in which the liver was approximately 

normal was chosen for study of the effect of the anesthetic (table 1). 
It is evident that the choice of the anesthetic agent does not determine 

to any marked degree the extent of the postoperative decrease in the 

concentration of bile acids. The number of cases is small for the 

drawing of definite conclusions. There is, however, a suggestion that 

the concentration of bile acids was low when ethylene was employed as 

one of the anesthetic agents. This is reminiscent of the illness which : 

followed hepatic injury among workers in airplane factories who were 








8. Bollman, J. L., and Mann., F. C.: The Influence of the Liver in the For- 
mation and Destruction of Bile Salts, Am. J. Physiol. 116:214-224 (June) 1936. i. 
9. Smyth, F. S., and Whipple, G. H.: Bile Salt Metabolism: I. Influence i 
of Chloroform and Phosphorus on Bile Fistula Dogs, J. Biol. Chem. 59:623-636 | ; 
(April) 1924. i 
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using trichlorethylene in the treatment of the fabric for airplane wings 
during the World War. 


EFFECT OF THE OPERATIVE PROCEDURES 


The operative procedures did not vary widely. They consisted of 
cholecystectomy and choledochostomy, hepaticostomy and reconstruc- 
tion of the common bile duct over a T tube. Because the procedures 


TasLe 1.—Effect of Anesthesia on Concentration of Bile Acids in Cases in Which 
the Liver Was Normal Before Operation 








Concentration of Bile Acids 
(Mg. per 100 Ce. of Bile) 
pe SF 
Third Fifteenth 
- Day After Day After 
Anesthetic Agent Operation Operation 


Cyclopropane.... Kaa wr 845 1,880 
Cyclopropane.. ee 1,070 eben 
Cyclopropane os" 630 1,950 
Cyclopropane; 1 ounce (29.47 ec.) of ether.. : 1,570* 2,390 
Cyclopropane; % ounce (22.18 ec.) of ether.. la 823 1,830 
Cyclopropane; ether ; : 1,050 1,520 
Cyclopropane; 1 ounce (29.57 ec.) of ether.. ; 910* saieaen 
Ethylene; 2 ounces (59.15 ce.) of ether.................. 410 2,590 
Ethylene; 1% ounces (44.36 ce.) of ether; spinal anesthesia 435 1,809 
Ethylene; % ounce (14.79 ec.) of ether......... ed 784 1,430 
Spinal anesthesia... .. sfvbes saline 2,440 


* Determination made on fifth day after operation. 


TABLE 2.—Effect of Cholecystectomy and Choledochostomy on Concentration of 
Bile Acids in Cases in Which the Liver Was Normal Before Operation 








Concentration of Bile Acids 
(Mg. per 100 Ce. of Bile) 
Length of Operation | —————— 
— --—_—— A ———-~ Third Day After Fifteenth Day After 
Hours Minutes Operation Operation 
55 1,570 2,590 
50 630 1,950 
30 823 1,830 
45 845 1,880 
1,050 
2,200 





were all limited to the biliary tract, the cases listed in table 2 have been 
classified particularly as to the length of time involved in the operation, 
in order to determine whether or not there was an influence on the post- 
operative decrease in the concentration of bile acids. Cyclopropane 
anesthesia was used in all the cases, and the livers were classified as 
approximately normal before operation. Apparently, neither the type 
nor the length of the operative procedure makes any difference in the 
postoperative decrease in the concentration of bile acids. 
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RETURN OF THE CONCENTRATION OF BILE ACIDS TO NORMAL 





The depression in the concentration of bile acids which occurs after 1 
operations on the biliary tract is followed by an increase. The rate at 
which this increase occurs varies in different cases. A comparison of 
the postoperative course and the rate of recovery of the ability of the 
liver to concentrate bile acids revealed one fact, namely, that the increase 
in the concentration of bile acids is slow until the postoperative febrile 








100 + 
‘Temper- 
ature 








_ 3000 + 





y 
/h/, 








Bile ecids 







SSSSiss SSG 
SS. .;°=%SS 























SSS 





SSS SS 


Days after operation 












Chart 1.—Relation of the postoperative concentration of bile acids to the 
febrile reaction. 


reaction has ceased. Thereafter the increase is rapid and complete 
(chart 1). In the case represented in the upper left part of chart 1 
there was no febrile reaction, and the increase in the concentration of 
bile acids began on the second day after the operation. aa 

By contrast, in the case represented in the lower right part of chart 1 a 
the postoperative fever did not abate until the twelfth day, at which time 
the concentration of bile acids began to rise sharply. In the other cases 
represented in the chart there were varying degrees of prolongation both 
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of the febrile reaction and of the recovery of the normal concentration 
of bile acids. In all the cases represented in this chart cholecystectomy 
and choledochostomy were performed ; jaundice was not present before 
operation. 

SFFECT OF POSTOPERATIVE MEASURES 


Sedative Drugs——In order to determine whether the use of deriva- 
tives of opium and barbiturates played any role in delaying the return 
of the concentration of bile acids to normal, the value for the concentra- 
tion of bile acids was determined at intervals of two hours for several 
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Chart 2.—Effect of sedative drugs on the concentration of bile acids after 
operation. 


days after the operation. The exact time at which the sedatives were 
given was determined and was compared with the concentration at 
that time. The curve in chart 2 represents the return of the con- 
centration of bile acids to normal in a case in which cholecystectomy 
and choledochostomy were performed. As may be seen, there was no 
relation between the concentration of the bile acids and the administra- 
tion of morphine, pantopon (a mixture of the hydrochloride of the 
opium alkaloids), codeine, sodium pentobarbital or sodium amytal. In 2 
other cases in which these observations were repeated similar results 
were obtained. 








Sw *‘*? 




















GRAY ET AL—BILIARY 





OPERATIONS AND THE LIVER 615 


Intravenous Administration of Dextrose.—Because intravenous 
administration of dextrose has been of much value in the treatment of 
hepatic disease, the value for the concentration of bile acids was deter- 
mined in cases in which dextrose was used. A case of stricture of the 
common bile duct and deep jaundice relieved surgically by reconstruc- 
tion of the common bile duct over a T tube was selected. The con- 
centration of bile acids was determined at intervals of two hours, the 
first determination being made immediately after operation. The times 
at which dextrose was administered intravenously were plotted on the 
curve which represented the return of the concentration of bile acids 
to normal after operation (chart 3). From observation of this curve it 
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Chart 3.—Effect of intravenous administration of dextrose on the postoperative 
concentration of bile acids. 


may be said that the intravenous administration of dextrose has no 
immediate effect on the concentration of bile acids. In 2 cases in which 
these observations were repeated the results were the same. 

As an additional check, the concentration of bile acids was deter- 
mined at intervals of thirty minutes after the intravenous injection of 
1,200 cc. of a 10 per cent solution of dextrose. There was no appreciable 
change in the concentration of bile acids beyond that which might be 
expected as a result of the dilution produced by the administration of 
1,200 cc. of fluid. The results in this case, in which the liver had been 
injured by prolonged obstruction by a stone in the common bile duct, 
are shown in chart 4. 
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EFFECT ON THE CONCENTRATION OF BILE ACID 
PRODUCED BY CLAMPING OF THE T TUBE 

In cases in which there was a free flow of bile into the duodenum, 
the values for the concentration of bile acids continued to increase during 
the gradually increasing periods each day in which the T tube was 
clamped off. This was further evidence that a free passageway for 
the bile actually did exist. Had there been any obstruction to the 
passage of the bile the resultant damming back of the bile in the liver 
would have resulted in a diminished concentration of bile acids similar 
to that observed after obstruction of the common bile duct by stones. 
One case in particular is deserving of more detailed description : 
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Chart 4.—Behavior of bile acids after intravenous injection of dextrose. 


REPORT OF A. CASE 


The patient complained of continued colic following cholecystectomy. Explora- 
tory laparotomy revealed apparent spasticity of the sphincter of Oddi; there was 
no organic obstruction of the common bile duct. When the clamping of the T 
tube was begun, on the twenty-eighth postoperative day, the patient had cramps 
in the right upper quadrant of the abdomen. Simultaneously the concentration 
of bile acids dropped from 3,120 mg. to 1,390 mg. for each hundred cubic centi- 
meters of bile. Because of this, no further attempts were made to clamp the T 
tube. From the thirtieth to the fifty-seventh postoperative day the concentration 
of bile acids varied from 1,600 to 2,200 mg: per hundred cubic centimeters. On 
the fifty-seventh postoperative day the clamping of the T tube was again begun, 
and glyceryl trinitrate was given simultaneously three or four times a day to 
relieve the cramping sensations. When the spastic obstruction of the common 
bile duct had been relieved with glyceryl trinitrate, the values for the concen- 
tration of bile acids rose to 3,500 mg., and remained at from 3,000 to 3,600 mg. 
per hundred cubic centimeters. 
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This brings up the conception of the value of determining the con- 
centration of bile acids before deciding to remove the T tube. Walters 
and Thiessen *® have demonstrated the use of postoperative choledo- 
chographic study in determining the patency of the common bile duct. 
Walters and two of us ** have shown the importance of making certain 
by means of a manometer that there is no increased pressure within 
the common bile duct before removing the T tube. By both pro- 
cedures the physician may learn the status of the common bile duct 
at a given time. The determination of the concentration of bile acids 
in a twenty-four hour sample of bile furnishes an estimate of the 
patency of the common bile duct for twenty-four hours. For example, 
in the case cited, the opaque medium was seen roentgenographically to 
pass into the duodenum, but the clamping of the T tube caused a diminu- 
tion in the concentration of bile acids. This was probably caused by 
spasticity of the sphincter of Oddi, which intermittently obstructed the 
common bile duct and prevented the flow of bile into the duodenum. 

In many cases in which there has been long-continued obstruction 
of the common bile duct by a stone and resultant severe hepatitis the 
surgeon determines at the operating table that biliary drainage for from 
three months to a year is needed in order that cholangitis and hydro- 
hepatosis may have time to subside. Later determinations of the con- 
centration of bile acids before the T tube is removed will serve to 


reenforce his judgment as to how long the T tube should be allowed 
to remain in place. 


COMMENT 


A decrease in the concentration of bile acids in bile was demonstrated 
after operations on the biliary tract in all cases studied. This evidence 
of inhibition of hepatic function assumes grave significance when one is 
called to operate on a patient who already has suffered severe hepatic 
injury as a result of prolonged obstruction of the biliary tract. There- 
fore, one should exercise every known method to improve hepatic func- 
tion if possible before operation. Therapeutic measures which would 
prevent the postoperative decrease in the concentration of bile acids 
would be ideal. More work needs to be done to find some protective 
hepatic substance which will do this. We feel that the determination 
of the concentration of bile acids in the bile is an excellent indicator 
of the usefulness of new methods for improving the function of the 
liver before operation and thereby reducing the operative risk. 


10. Walters, W., and Thiessen, N. W.: Visual Methods of Studying the 
Physiology of the Common Bile Duct: I. The Problem of Pancreatitis and 
Sphincteritis, Proc. Staff Meet., Mayo Clin. 9:772-775 (Dec. 19) 1934. 

11. Butsch, W. L.; McGowan, J. M., and Walters, W.: Clinical Studies on 
the Influence of Certain Drugs in Relation to Biliary Pain and to the Variations 
in Intrabiliary Pressure, Surg., Gynec. & Obst. 63:451-456 (Oct.) 1936. 
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The degree and duration of the postoperative febrile reaction 1s 
paralleled by an inhibition of the ability of the liver to concentrate bile 
acids. From this one may deduce that a patient who has a severely 
injured liver will be handicapped in dealing with an infective process 
accompanied by a febrile reaction, particularly when this is added to 
the extra injury which the liver suffers during the operation. 

The clamping of the T tube in the presence of obstruction to the 
free flow of bile into the duodenum has been followed by a progressive 
reduction of the concentration of bile acids in the bile. This is a result 
of increased pressure within the common bile duct, one of the factors 
that produce the hepatic injury before operation in cases of obstruction 
of the biliary tract. Counseller and McIndoe ** have shown that in the 
presence of biliary obstruction there is a marked dilatation of the finer 
radicles of the biliary tree (hydrohepatosis). Such dilatation may 
result in pressure on the parenchymal cells of the liver, which produces 
atrophy. 


It might be argued that the decrease in the concentration of bile acids 
after the clamping of the T tube was due to the choleretic effect of the 
extra amounts of bile acids which are absorbed from the intestinal canal. 
However, in the cases in which there was every evidence of patengy of 
the lower end of the common duct there was no appreciable diminution 
of the concentration of bile acids in the bile after the clamping of 


the T tube. 
SUMMARY 

Repeated specimens of bile were analyzed postoperatively in cases 
in which operation was done, in order to measure, by the concentration 
of bile acids in the bile, the effect of various surgical procedures on the 
functions of the liver. A postoperative inhibition of hepatic function 
occurred in every case. This seemed to be unassociated with the dura- 
tion of the surgical procedure, with the type of anesthetic (with the 
possible exception of ethylene) and with the preoperative and post- 
operative medication. The usual postoperative doses of morphine and 
barbiturates failed to produce any effect on the concentration of bile 
acids. 

The duration and degree of the postoperative febrile reaction paral- 
leled the duration of the inhibition of hepatic function. When the T 
tube was clamped in the presence of obstruction to the free flow of 
bile into the duodenum, the concentration of bile acids decreased 
progressively. 


12. Counseller, V. S., and McIndoe, A. H.: The Dilatation of the Bile Ducts 
(Hydrohepatosis), Surg., Gynec. & Obst. 43:729-740 (Dec.) 1926. 
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Credit is generally given to Codman? for centering attention on and 
stimulating interest in the proper diagnosis and treatment of complaints 
referable to the region around the shoulder joint. As a result of a 
series of articles on the subject which he began in 1904 and culminated 
in his book on the shoulder in 1934, Codman has developed the clinical 
syndrome of subacromial bursitis and has given physicians a greater 
understanding of the differential diagnosis of the extra-articular lesion 
of the shoulder. He gave due credit to previous workers, including 
Duplay,? Putman,* Monks * and Kiister,> for their contributions to the 
subject. He credited the monograph of Duplay with representing the 
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State University of Iowa in partial fulfilment of the requirements for the degree 
of Master of Science in Orthopedic Surgery. The work was done in the service of 
Dr. Arthur Steindler. 3 

1. (a) Codman, E. A.: Some Points on the Diagnosis and Treatment of Cer- 

tain Neglected Minor Surgical Lesions, Boston M. & S. J. 150:371-375, 1904; (b) f 
On Stiff and Painful Shoulders: The Anatomy of the Subdeltoid or Subacromial 
Bursa and Its Clinical Importance; Subdeltoid Bursitis, ibid. 154:613-620, 1906; 
(c) Bursitis Subacromialis, or Periarthritis of the Shoulder Joint, ibid. 159:533- 
537, 576-582, 615-616, 644-648, 677-681, 723-726 and 756-789, 1908; (d) Complete 
Rupture of the Supraspinatus Tendon: Operative Treatment with Report of Two 
Successful Cases, ibid. 164:708-710, 1911; (e) On Stiff and Painful Shoulders as 
Explained by Subacromial Bursitis and Partial Rupture of the Supraspinatus, ibid. 
165:115-120, 1911; (f) The Shoulder, Boston, The Author, 1934. (g) Codman, 
E. A., and Akerson, I. B.: The Pathology Associated with Rupture of the 
Supraspinatus Tendon, Ann. Surg. 93:348-359, 1931. 

2. Duplay, S.: De la périarthrite scapulo-humérale et des raideurs de l’épaule 
qui en sont la conséquence, Arch. gén. de méd. 2:513-542, 1872. 

3. Putman, I. I.: The Treatment of a Form of Painful Periarthritis of the 
Shoulder, Boston M. & S. J. 107:509-538, 1882. . 

4. Monks, G. H.: A New Method for the Treatment of Injuries to the 4 
Shoulder, Boston M. & S. J. 128:183, 1890. ia 

5. Kiister, E.: Ueber Bursitis subacromialis (Periarthritis humero-scapularis), 
Verhandl. d. deutsch. Gesellsch. f. Chir. 31:364-372, 1902. 
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knowledge previous to the publication of Kister’s article and the latter 
author with opening a new era in the consideration of these lesions. 

The purpose of this paper is to present a clinical, roentgenographic 
and statistical study of subacromial bursitis and to review the experi- 
ence in 288 cases in which the condition was treated in the clinic of Dr. 
Arthur Steindler, in the department of orthopedic surgery at the State 
University of Iowa. 

ANATOMIC PICTURE 

The subacromial bursa intervenes between the deltoid muscle and 
the acromion externally and the capsule and the short rotators of the 
shoulder joint internally. Interposed thus between the acromial arch 
and the lateral surface of the shoulder joint, it is indispensable in 
abduction and rotation and allows for abduction of the humerus without 
pinching of the deltoid fibers. In right angle abduction, the entire bursa 
may lie under the acromion. The subacromial and subdeltoid portions 
may be separated by a thin fibrous partition. However, these divisions 
of the bursa form one large cavity and should be considered as one 
large bursal sac, especially as the dividing partition is usually absent. 
A proper understanding of the subject can be had only by considering 
the bursa in its entirety rather than in parts. The term subacromial 
bursitis will be used throughout this paper rather than subdeltoid bur- 
sitis, as it is more descriptive of the lesion. 

The size of the bursa is variable. It has been described as being 
as large as the palm of the hand. Filling the bursa with solids for 
purposes of measurement, as done by Turner Thomas,* causes an 
increase of the thickness with a corresponding decrease in the diameter ; 
this results in incorrect determination. The size of the bursa cannot be 
estimated from calcification as it appears in roentgenograms. The areas 
of calcification are usually outside the bursa. If within the bursa, they 
rarely if ever completely fill the bursal sac. 


In the erect position, abduction of the arm is initiated by the supra- 
spinatus muscle. When motion at the shoulder is limited, movement 
is continued by motion of the scapula. The mechanical difficulties 
involved in maintaining the stability of the shoulder joint, with their 
resultant strain on the tendons inserting into the capsule, are an impor- 
tant factor in producing ruptures of these tendons, with secondary 
involvement of the intimately associated subacromial bursa. 


6 and 7. Footnotes deleted. 


8. Thomas, T. T.: Stiff and Painful Shoulders with Loss of Power in the 
Upper Extremity, Am. J. M. Sc. 141:515-534, 1911. 
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ETIOLOGY 





Pathologic conditions of the bursa may result from (1) local trauma 
or inflammation or from (2) general constitutional changes. 

Local Trauma and Inflammation.—The unprotected portion of the 
bursa, situated under the deltoid muscle, is a weak point and is liable 
to direct trauma. Trauma may also be indirect and even obscure, and 4 
may include that due to overuse, sudden or unaccustomed use, sudden 
exertion in an attempt to keep from falling, pressure from an incor- 
rectly applied bandage or fixation for relief of pain in the region of 
the shoulder after operations on the breast or the hand. Sudden 
motions may cause rupture of the muscle. Dislocations of the shoulder 
may also result in tearing of the tendinous attachments about the tuber- 
osities. The bursa, being in intimate contact with these tendinous 
attachments, is always involved with marked disability. 

General Constitutional Changes.—These include arthritis, advancing 
age and metabolic and nutritional disturbances. Bursitis associated with 
arthritis results from irritation by local arthritic osteophytes. 


PATHOLOGIC PICTURE 








The pathologic changes may be (1) bursal or (2) peribursal (mus- 
culotendinous ). 

Bursal Changes.—The bursa is a synovial sac subject to the same 
pathologic changes as is other serous tissue. Acute and chronic inflam- 
mation of the bursa results in thickening of the bursal walls, with 
formation of hypertrophic synovial villi, exudation of fluid and forma- 
tion of adhesions. f 

Calcareous deposits *° when present in the bursa have ruptured into 
it from the underlying tendon in which they are formed. Such deposits 
do not originate in the bursa proper. 














Peribursal Changes.—Lime Deposits: These deposits result from 
necrobiosis and calcification in the subjacent capsular and tendinous 
tissues and are demonstrable roentgenographically. As has been men- 
tioned, there may be perforation of the deposits into the cavity of the 
bursa proper. In most cases, therefore, peribursal changes are found 
combined with changes in the bursa itself. 

Painter ** and Baer ** explained the calcification as probably due 
to chronic inflammation in a tissue with little blood supply, undergoing 
necrosis with deposition of lime salts. 







9. Footnote deleted. 
10. Elmslie, R. C.: Calcareous Deposits in the Supraspinatus Tendon, Brit. J. 
Surg. 20:190-196, 1932. i 
11. Painter, C. F.: Subdeltoid Bursitis, Boston M. & S. J. 186:345-349, 1907. 
12. Baer, W. S.: Operative Treatment of Subdeltoid Bursitis, Bull. Johns Hop- 
kins Hosp. 18:282-285, 1907. 
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Wright in 1908 reported a case (Codman’s) of subdeltoid bursitis 
in which the condition was a slowly productive inflammatory process 
combined with degeneration and necrosis. He concluded that calcifi- 
cation in the supraspinatus tendon results from slight injury with an 
abortive attempt at repair in a tissue with little blood supply. These 
changes were again found by Wrede,** who described necrobiotic 
changes in the tendon following rupture with calcification and formation 
of loose bodies. 

Moschcowitz ** in 1915 reported his findings in 4 of Brickner’s 
cases and concurred in the previous opinions held. The patients in 
these cases had been operated on for calcareous deposits in and around 
the subacromial bursa, associated with adhesive subacromial bursitis. 

Lime deposits may be present in three forms: (1) as sandlike parti- 
cles within the necrosed tissues, (2) as diffuse massive calcification 
of the necrosed tissue or (3) as isolated, discrete, sharply defined nod- 
ules embedded within the tendon’ or the granulation tissue. Calcifica- 
tion in some cases is on the surface of the tendon, in the form of a 
thick white gritty material associated with a minute tear of the tendon. 
On roentgen examination and at operation multiple deposits are found 
in the tendon at a distance from its insertion. The shadow in the roent- 
genogram may be formed by a deposit which is actually liquid. No 
connection has been found at any time between the calcification and 
the adjacent bone either on roentgen examination or at operation. 

Tendon Rupture: Codman and Akerson ** in 1931 reported obser- 
vations made at autopsy on 100 shoulder joints taken from 52 aged 
persons. This work was supplemented by the study of a second series 
of 100 shoulder joints in 1933. Rupture of the supraspinatus tendon 
was found in 39 per cent of these specimens. Normally the base of the 
bursa is as smooth, spherical and colorless as the cartilaginous surface 
of the head of the bone, but it has not the bluish luster of cartilage. 
Tears of the short rotators are visible after the roof of the bursa is 
incised. Rotation of the humerus brings various parts of the bursa into 
view. In the article by Codman and Akerson,** Codman stated : 


My own experience has led me to the conviction that rupture of the supraspinatus 
tendon is by far the most common cause of industrial shoulder disability and that 
complete rupture is a more painful, more serious, and more disabling lesion than 
fracture of the humerus or dislocation of the shoulder. It is the usual cause of 
traumatic subacromial (subdeltoid) bursitis. 


13. Wrede, L.: Ueber Kalkablagerungen in der Umgebung des Schultergelenks : 
Ihre Beziehungen zur Periarthritis scapulo-humeralis, Arch. f. klin. Chir. 99:259- 
271, 1912. 

14. Moschcowitz, E.: Histopathology of Calcification of the Spinatus Tendons 
as Associated with Subacromial Bursitis, Am. J. M. Sc. 150:115-126, 1915. 
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A. W. Meyer *® thoroughly investigated fraying of the long head 
of the biceps tendon and has published many articles explaining the 
changes in the tendons caused by attrition, with secondary changes 
resulting in calcification. He stated that excessive use of the shoulders 
by laboring men may by friction between the humerus and the acromion 
wear through the supraspinatus tendon and joint capsule and destroy 
the biceps tendon as it courses across the joint over the cartilaginous 
head of the bone. 


ROENTGEN FINDINGS 


Technic.—Positive roentgen findings have been reported by various 
authors, including Codman, Brickner,**® King and Holmes,*’ Mum- 
ford and Martin ** and others. Roentgen examination should be made 
in all cases, whether the condition is of traumatic or spontaneous origin. 
Standard exposures of the shoulder are ample. The patient should be 
in the supine position, and the rays should be directed at the joint. 
Stereoscopic views, although not necessary in most cases, may be of 
value in showing whether or not a specific shadow is attached to the 
bone. It is imperative that roentgenograms be taken with the arm both 
in internal and in external rotation. The film taken with the arm in 
the position of external rotation is perhaps best made in the extreme 
of this motion with the arm abducted to an angle of 90 degrees and 
the hand lying at the head, palm up. 

When motion at the shoulder is limited it may be impossible to 
obtain the optimum position for the taking of the roentgenograms. 
When one is searching for calcification care should be taken not to 
overexpose or overdevelop the films. The shadow, especially if it is 
small, may be obliterated on films that are too dark. 

A comparative examination of the opposite (normal) shoulder must 
be made in all cases. Calcification has been found in the symptomless 
shoulder in cases in which none was present in the shoulder that was 


15. Meyer, A. W.: Unrecognized Occupational Destruction of the Tendon 
of the Long Head of the Biceps Brachii, Arch. Surg. 2:130 (Jan.) 1921; Spon- 
taneous Dislocation and Destruction of the Tendon of the Long Head of the 
Biceps Brachii: Fifty-Nine Instances, ibid. 17:493-506 (Sept.) 1928; Further 
Evidences of Attrition in Human Body, Am. J. Anat. 34:241-267, 1924. 

16. Brickner, W. M.: A Simple Easily Regulable Method of Applying 
Abduction in the Treatment of Shoulder Disability, M. Rec. 87:15, 1915; Pain in 
the Arm: Subdeltoid (Subacromial) Bursitis; a Further Study of Its Clinical 
Types, Pathology, and Treatment, J. A. M. A. 69:1237-1242 (Oct. 13) 1917. 

17. King, J. M., Jr., and Holmes, G. W.: The Diagnosis and Treatment of 
Four Hundred and Fifty Painful Shoulders, J. A. M. A. 89:1956-1960 (Dec. 3) 
1927. 

18. Mumford, E. B., and Martin, J. F.: Calcified Deposits in Subdeltoid 
Bursitis, J. A. M. A. 97:690-694 (Sept. 5) 1931. 

19. Footnote deleted. 
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the subject of the patient’s complaints. The importance of such find- 
ings is obvious and is of great value in the proper interpretation of the 
problem. 

In cases in which the deposit lies over the summit of the humerus 
it may be obscured by superimposition of the posterior portion of the 
acromion and the head of the humerus if films are taken by the routine 
method of directing the rays at right angles to the shoulder. The space 








Fig. 1 (case 20, table 3).—A, roentgenogram taken preoperatively, showing 
calcification of the tendon and the bursa. B, roentgenogram taken postoperatively, 
showing the excellent results of the operative treatment. 





hy 
Fig. 2 (case 19, table 3)—Roentgenogram showing calcification of the tendon 
and of the floor of the bursa. Removal gave good results. 





is best brought out in the film by directing the central ray caudalward 
and laterally by about 10 degrees in each direction. Increase of the 
angle caudally beyond 15 degrees may project the anterior lip of the 
acromion on the space in such a way as to simulate erroneously a large 
deposit. The usual location of the deposit is lower and ordinarily is 
not obscured by the acromion. 


Roentgenographic Picture——The presence of calcification (figs. 1 
and 2) is evident on roentgen examinations. King and Holmes ** found 
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positive findings in 150 of 450 cases in which roentgen examination was 
done. Mumford and Martin ** found deposits in 14 of 16 cases. 

When studying the roentgenograms in a case of subacromial bursitis 
one should keep the following facts in mind: 


1. Roentgen evidence of pathologic change is not present in all cases. 
Whereas films showing definite evidence of pathologic change are of 
significance in establishing the diagnosis, normal roentgenograms are 
of no aid in differentiating or eliminating the disease, and one must 
rely for correct diagnosis entirely on the history, physical findings and 
progress of the lesion. 

2. Changes in the soft tissues are due to areas of calcification in the 
tendinous tissue underlying the bursa. The visible shadow in the 
roentgenogram is adjacent to the greater tuberosity of the humerus 
and may vary in size from a pinpoint shadow to a large shadow 1 inch 














Fig. 3 (case 3, table 3).—Roentgenogram showing an avulsion fracture of the 
greater tuberosity. The results of treatment were good. A trichina cyst of the 
supraspinatus tendon was found at operation. 

















(2.5 cm.) or more in diameter. The shadow may represent a single 
large deposit or a collection of many small deposits in the area. 


3. Chip fractures of the tuberosities (fig. 3) lying in the soft tissues 
adjacent to the humerus are differentiated by the denser shadow which 
they cast on the films and by their sharpness of outline. A defect in 
the humerus at the site of the fracture may be discernible in some 
cases. In cases of fracture of long standing the differentiation may be 
more difficult, as the shadow may be rounded and have a hazy appear- 
ance; but it may then be easier to recognize the site of fracture in 
the humerus, as there may be some rarefaction to accentuate the defect. 


4. The anterior lip of the acromion may be superimposed on the 
clear space usually appearing between the acromion and the humerus. 
The fact that the clavicle will be seen to articulate with the shadow a 
will serve to differentiate it from a large deposit and to identify it as 
the acromion. 
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5. Atrophy of the proximal end of the shaft, with subchondral 
cysts, may be found in association with both arthritis and bursitis and 
may also be caused from disuse. The differentiation cannot be made 
entirely on the basis of the roentgen findings. Evidence of arthritis in 
other joints may aid in the differentiation. The presence of bony 
exostoses (fig. 4), either arthritic or developmental, is important. These 
may be responsible for concomitant bursitis. Their surgical removal may 
result in sensational disappearance of symptoms and return of function. 


6. Other pathologic conditions, such as metastases from malignant 
lesions, primary malignant lesions of the bone, infection of the bone 
and localized areas of rarefaction, such as may be associated with leu- 
kemia and Hodgkin’s disease, may be demonstrable roentgenograph- 
ically. The possibility of such lesions must always be watched for and 
their presence recognized. 








Fig. 4 (case 21, table 3).—Roentgenogram taken after an operation, showing 
removal of an exostosis of the tuberosity. The results of the operation were good. 


7. Diagnostic errors arising from failure to make exposures with 
the arm in both external and internal rotation are inexcusable in exami- 
nation of the shoulder, not only for bursitis but for any lesion that may 
be suspected. Such exposures give views of the humerus in the anterior- 
posterior and lateral positions. 


8. Calcification without symptoms is occasionally found and, as 
has been commented on, may indicate a previous injury. Comparative 
studies of the normal shoulder are therefore necessary for proper inter- 
pretation. Carnett *° reported deposits in as many as 25 per cent of 
symptomless shoulders. He concluded that this probably indicates an 


20. (a) Carnett, J. B.: So-Called Calcifying Subacromial Bursitis, Radiology 
17:505-513, 1931. (b) Carnett, J. B., and Case, E. A.: A Clinical and Pathological 
Discussion of So-Called Subacromial Bursitis, S. Clin. North America 9:1107-1126, 
1929. 
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earlier bilateral lesion. Deposits may appear later in the painful shoul- 
der, as the early complaints may be entirely due to inflammation and 
the examination may have been made before the deposits were laid 
down. 


9. Free bodies in the joint, of synovial or bony origin, may be 
confusing. These may be attached to the synovia and thus may not 
show change of position in successive roentgenograms. The position 
of the bodies and failure of the condition to respond to physical therapy 
should aid in the roentgenographic differentiation. 


SYMPTOMS 


The symptoms of subacromial bursitis vary greatly and are modi- 
fied by the cause and the complexity of the pathologic changes. A 
classification of the different types of this condition can: be accepted 
only if the symptoms are correlated with the pathologic process involved. 
Various classifications are made by different authors on the basis of 
roentgen and clinical findings, but all these fall into the various patho- 
logic groups. 

From his observation of cases of subacrominal bursitis Codman has 
classified the condition into the following clinical types: (a) acute - 
spasmodic bursitis, (b) subacute adhesive bursitis, (c) chronic nonad- 
hesive bursitis, and (d) bursitis due to complete tendon rupture. Bur- 
sitis due to partial tendon rupture may come under any one of the first 
three forms, depending on the extent to which the bursa is involved. 
This classification is based on the physical findings which, in turn, are 
determined by the underlying pathologic process. 


Acute Spasmodic Bursitis —Patients with this type of bursitis pre- 
sent themselves with local evidence of inflammation, pain, tenderness 
and secondary muscular spasm. Serous tension and calcium deposits 
may or may not be present as a result of the acute inflammation of the 
bursa. Bursitis due to acute partial tears of the tendons may be of 
this type. The shoulders in such cases are locked by reflex spasm 
(scapulohumeral spasm), and free motion is limited to an arc of about 
10 degrees. Acute partial tears of the supraspinatus tendon give rise 
to the same symptoms. Patients with this type of bursitis maintain the 
shoulder in a sling, and the condition therefore tends to become subacute 
or chronic. 

The tenderness found is usually below the acromion to the outer side 
of the bicipital groove. It may be localized over one point or may be 
diffuse over the entire bursa, its location depending on the nature of 
the injury. When the condition is associated with a tear in the supra- 









21 and 22. Footnotes deleted. 
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spinatus tendon, tenderness is on the greater tuberosity, which is the 
point most prominent and also most vulnerable, as it is poorly covered 
by muscle. 

In the absence of adhesions the tenderness will disappear under 
the acromion when the arm is abducted beyond 90 degrees. This is 
called Dawbarn’s sign. 

Pain may extend down the outer side of the arm into the hand and 
fingers or to the cervical region, or it may be confined to the region 
of insertion of the deltoid muscle. It may be constant, may become 
worse at night and may make it impossible for the patient to sleep on 
the affected side. Exacerbation of the pain during inclement weather 
is not uncommon. 

Effusion into the bursa, when it occurs, is difficult to palpate, as it 
is covered by muscle. It may, however, sometimes be demonstrable 
by puffiness over the bursa. 

Motion of the arm may be limited because of the associated pain as 
well as by actual spasm or adhesions. 

Codman in 1912 offered the following clinical test to aid in differ- 
entiating muscular spasm from true adhesions. The patient with acute 
spasmodic bursitis cannot abduct the arm because of the protective 
muscular spasm which wards off the associated pain. However, he can 
bend forward with the knees straight and with the finger tips to the floor. 


In this position the humerus is abducted on the scapula by gravity alone, 
without any muscular effort. Therefore, in such cases the arm can be 
raised over the head as the patient rises, although such motion was con- 
sidered impossible of execution. 


Case 1.—C. W., a man aged 57, came to the clinic complaining of pain in the 
right shoulder and limitation of motion of eight months’ duration. The onset was 
gradual and was not associated with any trauma. The pain radiated down the 
arm to the wrist and was worse when the weather was inclement. Physical examina: 
tion showed some limitation of all motions about the shoulder, due to reflex spasm 
from pain. Abduction and external rotation were especially restricted. A point 
of tenderness was present over the greater tuberosity in the region of insertion of 
the supraspinatus tendon. Roentgenograms showed atrophy of the proximal end 
of the humerus. A diagnosis of subacromial bursitis was made. Treatment con- 
sisted of physical therapy. Complete relief of symptoms was obtained in two 
weeks. 


Case 2.—E. A., a girl aged 17, entered the clinic with a history of direct trauma 
to the shoulder three and one-half months prior to entry, resulting in a sterno- 
clavicular dislocation which had been treated by immobilization in adduction for 
three weeks. The complaints were pain in the shoulder and limitation of motion, 
especially abduction and external rotation. A tender spot was present over the 
greater tuberosity. Treatment consisted of the injection of 5 cc. of a 2 per cent 
solution of procaine hydrochloride into the bursa. After this treatment a more 
complete range of motion was possible. The injection was repeated within a 
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week. The arm was kept in an abduction splint and was treated with physical 
therapy. Full range of motion and complete relief from pain followed in three 
and one-half months. 















Subacute Adhesive Bursitis —This type of bursitis in which actual 
adhesions are present between the roof and the floor of the bursa is 
a result of progression of acute spastic bursitis. There is an actual 
mechanical limitation of motion, especially of abduction and external 
rotation. The limited motion greatly diminishes the amount of pain. 
Atrophy of the muscles about the shoulder joint and possibly of the 
entire arm may be present. As has been mentioned previously, the Daw- 
barn sign is usually absent, as motion is too limited to allow the 
tuberosity of the humerus to pass under the acromion. Approximately 
10 degrees of free motion in the joint is also present in such cases, 
with additional motion resulting from movement of the scapula. 
























Case 3.—R. K., a woman aged 42, entered the clinic with pain in the left 
shoulder and limitation of motion. She had landed on her arm in an attempt to 
guard herself in a fall five months previously. No treatment was given for three 
months; then the arm was treated by rest in a sling for six weeks. When the 
patient was admitted to the clinic a slight degree of motion of the shoulder wa's 
present in all directions except that of outward rotation. Abduction was limited 
to 60 degrees. A tender spot was present over the subacromial bursa. Roentgeno- 
grams showed no pathologic process. A diagnosis of adhesive bursitis was made. 
The shoulder was manipulated (with the patient under a general anesthetic) into 
abduction and outward rotation and was then placed in a platform splint. Physical 
therapy was given. Six weeks after the manipulation the condition of the patient 
was definitely improved. 





Chronic Nonadhesive Bursitis —This type of bursitis follows absorp- 
tion of some of the adhesions of the subacute lesions in the process of 
healing. The previous acute inflammation of the bursa leaves the walls 
roughened and thickened. In such cases the symptoms are prolonged 
and have exacerbations over a period of years. Motion is good, but 
pain results when a full arc of movement is attempted. The variable- 
ness of the points at which intermittent pain occurs is due to irregulari- 
ties and roughened areas of the bursa passing under the acromion. 
This pain may radiate to the cervical region or to the point of insertion 
of the deltoid muscle. As a result motion of the shoulder is uneven 
and jerky but is free of scapular movement. 

Tenderness may or may not be present. However, if it is present 
the Dawbarn sign is also present. Abduction and external rotation are 
only slightly limited, but at some point in abduction painful locking 
occurs; it will disappear on further abduction. This pain is referred 
to as Codman’s sign. 






Case 4.—H. B., a man aged 56, entered the clinic complaining of pain and 
limitation of motion since straining the arm four weeks previously. A similar 
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incident had also occurred two years earlier, but the condition subsequently cleared. 
Some tenderness was present over the great tuberosity. Slight atrophy of the 
supraspinatus muscle was also present. Abduction was free to 90 degrees, at 
which point an impediment and jar resulted in pain, after which abduction could 
be continued (Codman’s sign). Treatment with an abduction splint and physical 
therapy gave some improvement in two months. 


Bursitis Due to Partial Tears of the Supraspinatus Tendon.—This 
injury may give rise to bursitis of the first three types as follows: If 
the tendon is barely nicked and only a few tendon fibers are involved, 
acute spastic bursitis results; this may develop into subacute adherent 
bursitis. With healing, simply a little residual notch in the bursa may 
be left; the original symptoms may subside, and chronic nonadherent 
bursitis may result. 

Bursitis Due to Complete Tendon Rupture.—It is of prime impor- 
tance to recognize complete tendon tear. It usually occurs in laborers 
over the age of 40, who have no,complaints before the accident and in 
whom an adequate injury is followed by immediate sharp pain with 
loss of power to induce abduction. With complete laceration of the 
supraspinatus tendon, abduction cannot be completely maintained even 
against feeble downward pressure on the arm. The deltoid muscle 
cannot initiate or maintain abduction unless the supraspinatus muscle 
holds the head of the humerus firmly in the glenoid fossa. 


A local tender spot is present at the tip and lateral aspect of the 
acromion. Palpation of a sulcus may be possible at the point of rupture, 
as the tendon is retracted. This may also indicate the presence of a 
deposit. A sharp pain is elicited as the defect in the tendon passes 
under the acromion during abduction of the arm (at about 30 to 50 
degrees). 


Case 5.—H. B., a man aged 61, entered the clinic four weeks after a sudden 
jerk of the arm was followed by sudden, sharp pain in the shoulder and by restric- 
tion of abduction to 15 degrees. A tender spot was present at the insertion of the 
supraspinatus tendon. Treatment for three weeks after admission, with physical 
therapy and an abduction splint, resulted in no improvement. Operation showed 
rupture of the supraspinatus tendon, which was found curled up under the acromion. 
Repair was followed by loss of pain and complete return of function in three 
months. This patient has now been observed for four years and ten months. He 
states that he believes the shoulder which was operated on to be stronger and 
better than the opposite shoulder. 


CLINICAL ANALYSIS OF A SERIES OF TWO HUNDRED AND 
EIGHTY-EIGHT CASES 


In analyzing the series of 288 cases from the orthopedic department 
of the State University of Iowa, I have not divided them into groups 
except as to type of onset, because the various types of subacromial 
bursitis blend into each other, as indicated in the preceding section on 
symptoms. 
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Age Incidence and Onset.—The age incidence and the relation of 
age to onset are shown in table 1. The greatest incidence is between 
the ages of 40 and 70. Of the patients with traumatic bursitis only 3 
were under 20. The youngest of these was 16. Of the patients with non- 
traumatic bursitis 5 were under 20. The youngest of these was 17. 
Constitutional changes as well as trauma may take their toll early in 
life. Trauma is seen to play an important role as the cause of the 
pathologic changes which in cases of nontraumatic bursitis must result 
from constitutional deficiencies, age and nutritional disturbances. 

Sex.—Sex does not play an important role. Of 285 patients, 149 


were male and 136 were female. This indicates an essentially equal 
incidence. 


Extremity Involved.—in a total of 280 cases the right shoulder was 
involved in 165, the left in 102 and both shoulders in 13. The greater 


TABLE 1.—Relation of Onset to Age Incidence 








Traumatic: Totals for 
Direct and Yon- ‘ Each Age 


Age Groups, Years Indirect Group 


17 
10 
28 
45 
29 
6 
0 
4 


cororo 
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137 





incidence for the right arm is probably due to the fact that this limb 
is generally subject to more exposure and use both in industry and in 
sport. 

Arthritic Changes.—Of 288 patients, 47, or 16 per cent, had evidence 
of arthritis either in the shoulder or in other parts. Of the total number 
of patients, 15, or 5 per cent, showed localized evidence of arthritis 
in the shoulder. The incidence of arthritis is important as a complica- 
tion of bursitis and is a factor in prognosis. 

General Symptoms and Findings.—Table 2 shows the incidence of 
general symptoms and findings. 

(a) Pain varied in severity but was present in all cases. 

(b) Radiation of the pain was to the insertion of the deltoid muscle, 
the neck and down the arm to the wrist and hand. 

(c) Atrophy may involve the supraspinatus, the infraspinatus and 
the deltoid muscle. It varies with the duration of the disability and 
with the degree of fixation of the shoulder. 
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(d) The pressure point over the greater tuberosity may be small 
or may be diffuse over the entire bursa. Its extent is indicative of the 
amount of inflammation and the resultant disability. 

(e) Restriction of motion was present in 95 per cent of cases. 
Abduction and external rotation are the motions most commonly affected. 
Some motion persists in all such cases; this differentiates the condition 
from the “frozen shoulders” associated with arthritis. 

(f) Roentgen findings are an important aid in diagnosis. Repeated 
examinations and comparative studies of both shoulders are desirable 
in all cases. 


TABLE 2.—Incidence of General Symptoms 








Incidence 
A. = 


Number of Total 
Cases Percentage Number 


2R8 


Radiation of pain 
Muscular atrophy 
Pressure point over greater tuberosity 


Cases studied for limitation of motion 
Limitation of motion 
Abduction alone 
External! rotation alone 
Internal rotation alone 
Abduction and external rotation 
Abduction and internal rotation............ - 
External! and internal rotation.......... ; 
All motions restricted 


Atrophy 
i acnenccéadecccs dencuciothecekapeseebate 


DIFFERENTIAL DIAGNOSIS 


Although subacromial bursitis may coexist with many other lesions, 
it must be differentiated from certain conditions as follows: 


Fractures ——Immediately after trauma the presence of fractures of 
the tuberosities, fractures of the surgical and anatomic neck of the 
humerus and fractures of the clavicle can be easily discovered by the 
characteristic roentgen findings of these conditions and by the presence 
of ecchymosis and swelling on the inner side of the arm. With adequate 
roentgenograms, fractures should never be overlooked. 

Dislocation.—Dislocation of the head of the humerus, as well as 
acromioclavicular separation, are easily differentiated from subacromial 
bursitis by the roentgen and physical findings characteristic of these 
lesions. Inflammation and involvement of the bursa may be present 
immediately after the injury, or it may not appear until after prolonged 
immobilization of the shoulder or until mobilization is resumed. Bur- 
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sitis becomes manifest by the continued presence of disability and by 
physical findings which are characteristic of it but cannot be explained 
by the original lesion. 

Tumors About the Shoulder—Malignant tumor, giant cell tumor 
and cystic disease of the bone may be present in the upper end of the 
humerus and may cause secondary involvement of the bursa. Such 
lesions are of uncommon occurrence in the clavicle and scapula. Pain 
and limitation of motion may be the only early symptoms.and may thus 
simulate the early stages of bursitis. Such symptoms in a patient under 
the age of 20 should be watched carefully for possible giant cell tumor. 
A persistent, growing tumor mass is characteristic. The characteristic 
roentgen findings will aid in identifying such lesions. 


Tuberculosis—The differential diagnosis of tuberculosis may be 


difficult. Tuberculous invasion takes place about the intertubercular 
notch and therefore involves the short rotators and the bursa so that 
fixation of the shoulder results. However, the roentgen picture is char- 
acteristic. The atrophy of the muscles about the shoulder is more 
generalized and more marked than in cases of bursitis, and there may 
be no motion whatever about the shoulder. The slight degree of 
motion always present with bursitis proper is absent with tuberculosis. 

Syphilis —Although such a condition is rare, syphilitic involvement 
of the shoulder may be present. Differentiation depends on the history, 
the Wassermann reaction, the roentgen findings and the presence or 
absence of signs of syphilis elsewhere. 

Arthritis—The bursa may be involved in cases of chronic arthritis 
either of the atrophic or of the hypertrophic variety. Atrophic arthritis 
gives rise to symptoms of true inflammation, local tenderness, complete 
loss of motion, a more obtuse angle between the scapula and the shaft 
and frequent intvolvement of other joints. Hypertrophic arthritis pro- 
duces bursitis because of irritation of the bursa caused by the existing 
exostosis. In cases of arthritis the capsule is found to be tender in 
the axilla. 

The frozen shoulder caused by spasm or adhesions must be differ- 
entiated from the frozen shoulder caused by arthritis. The midposition 
of arrest of the shoulder due to arthritis is in 25 degrees flexion and 
forward motion, so that when the arm is at the side the vertebral border 
of the scapula is no longer straight down but points medially in midline. 
This finding is never present in the frozen shoulder associated with 
bursitis. This position is described by Lange. 

Acromioclavicular arthritis is characterized by local tenderness at 
the joint with a possible luxation and thickening; these symptoms are 
helpful in differentiation of the lesion from bursitis. 
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Sprain of Adductor Insertions——In cases of trauma involving the 
region of insertion of the pectoralis major and latissimus dorsi muscles, 
pain on external rotation is entirely limited to the inner side close to 
the axillary fold and can be elicited by palpation. In cases of trauma 
to the subscapularis tendon, the tenderness is located over the lesser 
tuberosity. 


Brachial Neuritis—Codman stated that there is no such thing as 
brachial neuritis and that the pain in the arm is due to traumatic or 
inflammatory changes in the subacromial bursa or in the surrounding 
musculotendinous tissue. He concluded that herpes zoster may be the 
manifestation of true neuritis. 


Injuries of the Bicets Tendon.—The biceps tendon is well protected 
beneath the bursa and the tendinous expansion of the supraspinatus 
muscle. According to Codman, severe direct trauma to the capsule, 
including its rupture, is necessary to injure or displace the biceps tendon. 
Yet Meyer *° has repeatedly reported evidence of attrition of this tendon. 
Rupture does occur, and it may take place at the tendinous insertion, 
at the site of union of the muscle and the tendon or in the intertuber- 
cular sulcus (the most frequent site), with resultant degenerative 
changes in the tendinous tissue as a complement of arthritis. Inflam- 
mation of the sheath of the biceps tendon may simulate subdeltoid 
bursitis. All motions of the humerus involve motion of the tendon in 
its sheath. Lesions of the sheath may occur, and when they are present 
the tendon does not move within the sheath. Inflammation of the sheath 
results in symptoms of bursitis. The local tenderness in such cases is 
in the bicipital groove. Whereas forward and backward motion may 
be free in cases of bursitis, the bicipital tendon is called into vigorous 
play in these motions, and the presence of even 10 degrees of painless 
motion in these directions indicates absence of inflammation of the 
sheath of the biceps tendon. 

TREATMENT 


Conservative Treatment.—The patient with acute bursitis without 
deposit of calcium is treated conservatively by means of opiates and 
sedatives, rest, abduction, heat and diathermy and also with passive 
motion within the range of comfort. Steindler ** concluded that foci 
of infection play a contributing role in the production of all such lesions 
and should by all means be checked and removed when present. It is 
not the purpose of this paper to discuss the general importance of such 


23. Steindler, A.: Reconstructive Surgery of the Upper Extremity, New York, 
D. Appleton and Company, 1923; Subacromial Bursitis, read before the American 
Academy of Orthopedic Surgeons, Jan. 14, 1936; personal communications to the 
author. 
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foci, but for lesions so closely associated with arthritis the removal of 
infective foci seems logical and rational. 


Opiates and sedatives for the relief of the actual pain will relieve 
the anxiety of the patient and of the family and will make for better 
cooperation between the patient and the physician. It will also make 
it much easier to proceed with conservative measures and to give them 
an adequate trial. 


As with acute inflammation elsewhere in the body, rest is of prime 
importance. For the patient with mild bursitis, rest of the shoulder 
in a sling is sufficient. For one with more severe bursitis, immobili- 
zation of the shoulder in an abduction splint with the arm in abduction 
and outward rotation is more desirable and should be employed in spite 
of the inconvenience that attends keeping the arm in this position. The 
abduction splint permits relaxation of the rotators and allows the tender 
point on the base of the bursa to avoid making contact at the acromion. 
The use of the abduction splint was described by Monks as early as 
1890. 

The recumbent abduction position of Brickner is admirably suited 
for the patient with spasticity of the muscles and for one who is bed- 
ridden or who prefers being in bed to walking around with an abduction 
splint. The patient remains in bed with the arm abducted as much as is 
comfortably possible. The arm is supported by a pillow; a muslin 
loop is attached from the wrist to the head of the bed, and the upper 
end of the bed is elevated. The body will gradually slide to the foot 
of the bed and the arm will travel relatively farther and farther up. 
Thus a shoulder resistant to forcible abduction will yield to gradual 
countertraction without pain to the patient. It may take a week or 
more in some cases but, according to Brickner, the spasm may some- 
times be overcome in as short a time as twenty-four hours. This 
treatment may also be reserved for use only at night and may be alter- 
nated with the use of the abduction splint. Brickner did not recommend 
this gradual traction in cases in which it proves to be painful or fails 
to give prompt increase in the range of motion. 


Heat, mild massage and passive motion, especially with the patient 
in the stooping position, are beneficial and should be administered. The 
extent of passive motion should always be limited so as not to produce 
any pain. Injection of procaine hydrochloride may be used to relieve 
pain and spasm, to help in the differentiation of the condition from 
true adhesive bursitis and to help in overcoming spasticity before the 
arm is placed in abduction. 


For acute bursitis presenting localized symptoms, irrigation of the 
bursa with saline solution has completely relieved the symptoms. Using 
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the technic of Smith-Petersen, Patterson and Darrach ** insert two 


needles into the bursa, after anesthetizing the skin with procaine hydro- 
chloride, and lavage the bursa with about 2 ounces (60 cc.) of saline 
solution. The bursa may be approached through the anterior and also 


through the anterolateral portion of the deltoid muscle, as is also 
described by Steindler. Patterson and Darrach obtained calcium salts 
in the lavage even in cases in which the roentgen findings were negative. 
From anatomic studies it might appear almost impossible to enter the 
bursa in this manner; but in the presence of pathologic changes the 
walls of the bursa are thickened and the sac is widened from the ten- 
sion. This makes entry easier than might be anticipated. 

Injection of sclerosing and antiseptic solutions into the bursa has 
also been attempted, as was reported by Fields,*° who injected a 5 per 
cent solution of iodoform into the bursal sac. This treatment has not 
been accepted. 

Diathermy has given excellent results in the hands of many and is 
perhaps the most efficacious of the physical means of treatment. Deer- 
claimed priority in 1916 for the first recorded attempt to treat 
the lesion “by means other than drugs, surgery, or orthopedic mea- 
sures.” Mumford and Martin reported good results in 16 cases. 
Coopermann, Resnik,?* Harris and Titus,** among others, have reported 


ing *° 


excellent results following diathermy treatment of the calcifications, with 
absorption after the treatment. 

Roentgen treatment too has been used with good results and 
deserves consideration. I have had no personal experience with this 
form of treatment. The amount of exposure given is not a barrier to 
subsequent surgical treatment and may be considered before surgical 
intervention is tried although perhaps not until all other conservative 
measures have failed to give relief. Lattman*® in a recent report 
described the following routine technic which has given good results 
in his hands: 350 roentgens at 200 peak kilovolts, filtered with 0.25 mm. 
of copper, was given through a port 15 cm. square at a distance of 
50 cm. This dose was applied to both the anterior and the posterior 


24. Patterson, R. L., and Darrach, W.: Treatment of Acute Bursitis by Needle 
Irrigation, J. Bone & Joint Surg. 19:993-1002, 1937. 

25. Fields, S. O.: Subacromial Bursitis, New York M. J. 1041:163, 1915. 

26. Deering, G. E.: Physical Treatment of Subacromial Bursitis, Phys. Therap. 
48 : 362-366, 1930. 

27. Resnik, J.: Physiotherapy in Subdeltoid Bursitis, Phys. Therap. 47:322- 
329, 1929. 

28. Titus, N. E.: Electrical Treatment of Subdeltoid Bursitis, Am. J. Surg. 
6:318-334, 1929. 

29. Lattman, I.: Treatment of Subacromial Bursitis by Roentgen Irradiation, 
Am. J. Roentgenol. 36:55-60, 1937. 
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aspect of the shoulder. The symptoms may be aggravated during the 
first twenty-four hours after such treatment, but a definite decrease of 
pain and increase of mobility appear in the second twenty-four hours. 
One such exposure usually suffices, but a second treatment may be neces- 
sary for complete relief. Lattman gave this treatment in 20 cases in 
which the patients have been followed from one to five years. 

Acute bursitis judiciously treated, with early movement and no pro- 
longed fixation, may be cured within a few weeks. 

Manipulative Treatment.—lf after two or three months of conserva- 
tive treatment there is no improvement, it is usually because there are 
adhesions either without much fixation or with a frozen shoulder. Care- 
ful manipulation of the shoulder, that is, stretching without use of 
force, is beneficial. Attempts to force the adhesions do not give good 
results and may even result in a tear of the subscapularis tendon. After 
such manipulation the arm should be maintained in abduction and out- 
ward rotation in order to keep the adherent surface apart and opposite 
healthy tissues. It is preferable to incise down on and cut the adhesions 
rather than to use force to free them. 

For adhesions that are still plastic, the spasm from pain being the 
main cause of the limitation of motion, treatment should follow the lines 
of that for acute bursitis with spasm. Adhesive bursitis associated with 
tendinitis is usually cured in from six to twelve months of conservative 


treatment, although it may persist for two years if there are secondary 
contractures. 


Operative Treatment.—Bursa: Immediate incision and relief of ten- 
sion or removal of the deposit has been recommended by Codman, 
Brickner, Carnett, Ferguson,*° and Haggart and Allen.** Steindler 
and Campbell, among others, concluded that conservative measures 
should be used and that indications for more radical treatment should 
be made only on specific findings or on failure of conservative measures 
to give adequate improvement. 

The operation for exploration or drainage of the calcification neces- 
sitates only a small incision over the tuberosity. The deltoid fibers are 
separated, and the bursa is notched. The niche may be enlarged for 
exploration of the floor of the bursa, and as the arm is rotated the short 
rotators can be seen at the head. The calcified material appears as a 
deep red, circular zone on the base of the bursa, with a whitish mound 
in the center. When this is opened, the calcified material will exude 


30. Ferguson, L. K.: Painful Shoulder Arising from Lesions of the Sub- 
acromial Bursa and Supraspinatus Tendon, Ann. Surg. 105:243-256, 1937. 

31. Haggart, G. E., and Allen, H. A.; Painful Shoulder: Diagnosis and Treat- 
ment with Particular Reference to Subacromial Bursitis, S. Clin. North America 
15: 1537-1560, 1935. 
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as though under pressure. All available material should be curetted 
out, and all adhesions within the bursa should be cut or broken. Part 
of the roof may be excised and the wound closed. Haggart and Allen ** 
give active exercises within forty-eight hours, with the application of 
heat and hot fomentations. They allow their patients to be up on the 
third day and have had no recurrences in 25 cases in which operation 
was performed. 


Both calcified deposits and osseous overgrowths may cause irritation 
and may give mechanical difficulties as impediment to motion. In such 
cases operative removal is indicated and is necessary before any relief 
can be expected. 


Tendon Repair: Complete rupture of a tendon necessitates operative 
repair unless operation is contraindicated by the general condition of 
the patient. The technic developed by Codman and by Wilson * gives 
good results. General anesthesia is best employed with the patient lying 
on his back; a sandbag is placed under the scapula to make the greater 
tuberosity as prominent as possible. It is desirable to explore the bursa 
and to determine the extent of the lesion before proceeding with a wider 
exposure of the tendon. For this purpose a small incision is made, about 
2 inches (5 cm.) in length, extending downward from the acromio- 
clavicular joint and splitting the fibers of the deltoid muscle. It should 
not be extended farther, as there is danger of severing the anterior 
portion of the axillary nerve and causing paralysis of the anterior fibers 
of the deltoid muscle. The bursa is entered, and with rotation and 
traction on the arm the greater and lesser tuberosities and the tendinous 
attachments can be visualized. A rupture appears as a gap in the cap- 
sule, through which the articular cartilage of the head is visible. When 
the rent is small the tendon can be pulled from under the acromion 
with a forceps and sutured to the tuberosity. With a larger gap a wide 
exposure of the tendon is necessary. For this, Codman’s saber-cut 
incision is used. ‘This incision passes posteriorly over the top of the 
shoulder from the acromioclavicular joint. Wilson divides the articu- 
lation and cuts through the acromion with a saw to give a wide exposure. 
A channel is made in the anatomic neck of the humerus and the inner 
face of the greater tuberosity, and several drill holes are made through 
the greater tuberosity into the channel. The fibrous edge of the tendon 
is excised, and with the arm in abduction the tendon is approximated to 
the channel and sutured in place through the drill holes with sutures of 
silk or of fascia lata. The acromion is sutured to the clavicle with 
catgut. It is not necessary to suture the divided fragments of the 
acromion. 


32. Wilson, P. D.: Complete Rupture of the Supraspinatus Tendon, J. A. M. A. 
96:433-439 (Feb. 7) 1931. 
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Postoperative fixation in a platform splint should be maintained for 
three weeks; this should be followed by daily removal of the splint and 
by discontinuance of its use by the end of four weeks. There is usually 
a complete return of function in from three to four months after ade- 
quate massage and physical therapy have been given. 

Operation was performed in 21 of the present series of cases. A 
summary of the data is given in table 3. The patient in case 1 showed 
rupture of the tendon of the supraspinatus muscle and rupture of the 
long head of the biceps tendon. The former was repaired, but the ends 
of the biceps tendon could not be located. The result of the operation 
was good; there was complete return of function. 


TABLE 3.—Summary of Cases in which Operation Was Performed 












Case Period of 
No. Patient Pathologie Condition Observation Result 
1 H. B. Rupture of the supraspinatus tendon............. 4 yr. 10 mo. Good 
2 J.B. Rupture of the supraspinatus tendon............. 2 yr. Good 
3 J. M. Trichinosis affecting the supraspinatus muscle 
avulsion fracture of the greater tuberosity..... 4 yr. 5 mo. Good 
4 Ww. 8S. Contractures of the latissimus dorsi and pector- 
SE I IN 6 bn counsasubesenacrnccenseses 5 yr. Good 
5 >. x. Rupture of the subscapularis tendon...... : a —, Improvement 
6 M. PF. Rupture of the long head of biceps tendon..... Improvement 
7 Ww. 8. Rupture of the long head of the biceps tendon ieee May 5937) Poor 
8 Cc. C. IL... . dices otacaeibs bovessaeaseabies 8m Good 
9 H. L. [ RIESE RSE ESS er eae ye 7 om Good 
10 J. M. I cnc 5. cbinndebeesbesPuacnédeos 2 mo. Improvement 
11 H. M. I k6.c00nkscs} seasdbes teprebaionse 11 mo. Poor 
12 J. 8. ci y backedyeveaksabbunaassseeuanhe 8 mo. Poor 
13 A. 8. SI 4c cvnenecvsneccecsceubeheseeevees 14 mo. Good 
14 H. C. ns s.0.0:4.008 0s nddatectadwededes Waele 17 mo. Poor 
15 A.A. En accvcccentungenseendt endansnsens 2 yr. 4 mo. Poor 
16 R. G. so vch anes dcoddds esd won tieieiebes 2 mo. Improvement 
17 W. H. as cn500sccaewenesanseneiauchaned 2 mo. Poor 
18 D. H. ss se baseceovkeapetahankpeckwinds 2 mo. Improvement 
19 Oo. H. iss ciivns 60-100 canakenechebaenssenanas lyr. 7 mo. Good 
20 J. H. ES os ined ann gh cance cweaeuaeuhinknn eee 3 mo. Good 
21 P. J. Bee OE CRO DIOS, 6 oc osc oe scewcccceccccencens 1 yr. 5 mo. Good 












Examination of a specimen from the supraspinatus muscle in case 3 
showed typical Trichina spiralis. The muscle appeared intact on gross 
examination at operation. 

Repair of the biceps tendon in case 6 was successful. However, at 
the time of writing there is still restriction of motion of the shoulder. 
The patient in case 7 underwent the third operation at the time this 
paper was written. Fascial reenforcement was employed in the last 
operation in an attempt to make the repair hold. 

The poor results in cases 12, 15 and 17 were due to osseous changes 
found on operation and in subsequent follow-up roentgenograms. 

A second operation for reefing of the joint capsule was necessary 
in cases 10, 19 and 20. 

Tenotomy of the latissimus dorsi and pectoralis major muscles was 
performed for relief of contractures in case 4. The operation was 
followed by complete return of the function of the shoulder. 
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The patient in case 21 (fig. 4) was operated on for a possible tear 
of the supraspinatus tendon. An exostosis of the tuberosity was found 
which impinged against the acromion in abduction. Its removal was 
followed by complete return of function and disappearance of symp- 
toms. Preoperative roentgenograms had failed to show the exostosis. 


END RESULTS 
The incidence of results in all the cases in which treatment 
was given (168) is shown in table 4. The cases in which operation was 
performed include those in which the condition had failed to respond 
to conservative measures. 
CONCLUSIONS 
1. Subacromial bursitis may be due to a primary pathologic process 
in the bursa proper, or it may be secondary to a pathologic process in 


TABLE 4.—Treatment and Results in One Hundred and Sixty-Eight Cases 








Number of Cases Percentage 

MOMODSTRIITS THORSON. 6.0 occ ce cevccccccccceccesesseccss 147 87 
CERT OO TUG en cc cscs ccncccnccccccssbessesescsees 21 ' 13 
Results with nonoperative treatment 

EE Oe ee, 2 102 69 

ak oc bncccntcexcdosdewenebuets 28 19 

is dink gc cannubanchcsya ven baeks 17 12 
Results with operative treatment 

| EG ee swe neattedted 10 48 

EI, aes ce ccactcngcvcceuvesnseeseees 5 24 

Se Ss Co ids Kinss sunepnbenbede 6 28 


the musculotendinous cuff or in the bones of the shoulder joint. The 
changes may be of (1) traumatic, (2) arthritic or (3) infectious origin. 
Thus direct blows, overuse, strains, disuse, constitutional changes or 
irritation from arthritic bony overgrowths may be the causative factor. 
Arthritis was present in 16 per cent of the present series of 288 cases. 
As a rule patients with bursitis are past the age of 40. However, the 
condition may appear much earlier. In this series the youngest patient 
with bursitis due to trauma was 16, and the youngest patient with 
nontraumatic bursitis was 17. 


2. The most common clinical findings in the 288 cases were: (1) 
pain in all, (2) restriction of motion in 95 per cent, (3) a pressure 
point over the greater tuberosity in 58 per cent and (4) muscular atrophy 
in 20 per cent. Roentgen examination in 154 cases showed atrophy of 
the proximal end of the humerus in 22 per cent, calcification in the 
region of the bursa in 18 per cent and local arthritic changes in 10 per 
cent. 

Radiation of the pain to the insertion of the deltoid muscle, to the 
cervical region, and down the arm to the wrist and hand was present 
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in 15 per cent of cases. Of the 95 per cent of patients with restriction 
of motion, 35 per cent had restriction of abduction alone, 28 per cent 
had restriction of abduction plus restriction of external rotation, and 
26 per cent had restriction of all motion. Restriction of the other 
motions accounted for the remaining 10 per cent. 


3. Conservative measures, including physical therapy, the use of 
an abduction splint and manipulation, gave good results in 69 per cent 
of 168 cases, improvement in 19 per cent and poor results in 12 per 
cent. Operation in 21 cases resulted in cure in 10, or 48 per cent; 
improvement in 5, or 24 per cent, and no improvement in 6, or 28 
per cent. 

4. Operative intervention should be reserved for cases of bursitis 
due to complete tendon rupture and for cases in which the condition 
does not respond to conservative measures. 

Complete tendon rupture can be recognized by its onset with sudden 
sharp pain, loss of power to induce abduction and the presence of a 
tender spot at the tip and lateral aspect of the acromion. 








ENDOMETRIOSIS OF THE UMBILICUS 


VICARIOUS MENSTRUATION FOLLOWING HYSTERECTOMY 


ROBERT BOGGS, M.D. 
NEW YORK 


Endometriosis, usually considered to lie within the field of the 
gynecologist, presents a problem for the general surgeon when the 
site of the disease is the umbilicus. The recent increase in the number 
of reported cases seems to indicate a much better understanding of the 
condition. I wish to report 1 case and to present short summaries of 
the pathogenesis, pathologic picture, diagnosis and treatment of this 
condition. Ninety-six cases from the literature are reported chrono- 
logically. A complete bibliography is appended. 


PATHOGENESIS 


The varied names applied to the diseases grouped by Sampson and 
de Josselin de Jong under the title of “endometriosis” point to the 
indefinite origin of these tumors. Von Recklinghausen, on the basis 
of their morphologic resemblance to mesonephros, described them as 
arising from wolffian remnants. Others, notably Cullen, stated that 
they take origin from miillerian rests. Lauche concluded that they 
arise by metaplasia from peritoneal surfaces (seroepithelial). Sampson, 
on the other hand, described them as implants of wholly differentiated 
miillerian tissues (retrograde menstruation). Jacobsen hypothesized 
a minute umbilical hernia into which detached endometrial tissues 
migrate. Harbitz in his extensive work noted the common occur- 
rence of hernias and scars in association with this condition. In a 
series of 7 cases, Adams-Ray demonstrated either hernia or trauma 
(operative) in 5. Spitz, on the other hand, denied that Sampson’s 
theory is tenable when the site of the disease is the umbilicus. 
Weller agreed with the serosal-epithelial theory of origin for endome- 
triosis of the umbilicus. Keene and Kimbrough also agreed with this 
hypothesis. From the more recent studies the implantation theory 
appears to be gaining favor. The possibility of two types of endometri- 
osis of the umbilicus must be considered. 


Even though the presence of the uterus-like tissues in the umbilicus 
is recognized, there must be some stimulating factor to produce endo- 


From the service of Dr. Eugene H. Pool, the New York Hospital. 













BOGGS—ENDOMETRIOSIS OF UMBILICUS 643 


metriosis. Strongin stated that these tissues begin to function when 
stimulated by hormonal activity (probably gonadotropic) caused by y 
the removal of some inactivating factor. In my case and similar cases F 
the removal of the endometrium, incident to hysterectomy, might con- 
ceivably be the initiator of such an imbalance. 


REPORT OF A CASE 























A Swedish woman aged 49, unmarried, was admitted to the New York Hos- 
pital April 15, 1935. In 1933 a hysterectomy had been performed at the Woman’s 
Hospital of New York city, for myomas of the uterus. Amenorrhea had been | 
present until eighteen months previous to the current admission. At that time she 
began to have periodic bleeding from the umbilicus, associated with numbness about 
this area. The attacks were introduced by prodromes similar to those which had 
preceded the previous menstrual periods, namely, slight cramplike abdominal pain, 
languor and mild headache. The attacks occurred roughly every twenty-eight days 
and lasted from three to four days. The quantity of discharge was always small. 
At no time was there bleeding per vaginam. She suffered from mild hypertension 
and had had the right eye enucleated some years previously, because of chronic 
inflammation. P3 

On examination the umbilicus was seen to be moderately enlarged and deepened. 2 
The surrounding tissues were pigmented dark brown for a distance of 3 cm. The 
base of the umbilicus was formed by a firm, warty mass which showed no tender- 
ness to palpation. The old scar from hysterectomy was well healed and did not 
extend to the umbilicus. 

On April 16 the umbilicus was excised, with an elliptic section of the surround- 
ing tissues, down to and through the peritoneum. The postoperative course was 
uneventful. 


or te ee 


Pathologic Observations ——The specimen measured 14 by 22 cm. and contained 
the umbilicus. The tumor, which lay within the umbilicus, was roughly spherical 7a 
and about 3 cm. in diameter. The surface was covered with blackish débris. The ; 
cut surface was roughly papillomatous. The epithelium over the projections was 
thin. The stroma was grayish white and was studded with fine yellowish nodules. i 
At no point was the tumor attached to the peritoneum. 

On microscopic examination a thin epidermis was seen to cover a rather 
edematous stroma. Embedded in this cellular (cytogenic) stroma were gland 
structures of two types: (1) the ordinary sweat gland, and (2) the rudimentary 












simple tubular glands lined with cylindric epithelium. The lumens contained 5 
débris (fig. 1). Under higher magnification many of these cylindric cells were z 
seen to be ciliated. The blepharoplasts showed remarkably well. The simple ¥ 


tubular glands were morphologically indistinguishable from those of the endo- 
metrium. In scattered areas the cells were replaced by phagocytes containing 
vacuoles such as occur in blood cysts. This microscopic picture was comparable 
to that in the cases previously described. 






DIAGNOSIS 


Endometriosis always occurs during the years of ovarian activity. 
The cyclic nature of the symptoms, corresponding to the menstrual 





Fig. 1—Simple tubular gland within the cellular 





ee = 





Fig. 2.—Cylindric epithelium of the lining of the gland, showing cilia. 
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periods, will usually suggest endometriosis. Any or all of the following 
symptoms may be present: 

Secretion of blood-tinged fluid 

Pain around or in the umbilicus 

Tenderness 

Swelling 

Itching 

Bluish discoloration 


The tumors usually reach full size in from two to six months. Gen- 
erally, they range from 1 to 3 cm. in diameter, occasionally reaching a 
diameter of 5cm. Keene and Kimbrough pointed out the necessity for 
accurate differentiation of such tumors from uterine fistulas, which 
also may produce menstruation. 
TREATMENT 
The treatment of election is wide excision, and the technic is that 
used for ventral hernia. In addition, some authors, notably Baltzer, 
have recommended exploration of the peritoneal cavity for further foci. 
Roentgen and radium irradiation may be used during the menopausal 
period to inactivate the ovary. This treatment is recommended by 
Strongin in select cases. However, during the active sexual life of 
the woman operation is recommended unless there be some contra- 
indication. 
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* Not listed by previous authors. 


SUMMARY 





1. Tissues which are morphologically indistinguishable from. the 
endometrium occur in the umbilicus. 
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2. The absence of the uterus is no bar to ovarian function. 


3. A vicarious form of menstruation may take place after the removal 
of the uterus. 


4. Endometriosis of the umbilicus is amenable to surgical treatment. 


5. Ninety-seven cases of endometriosis of the umbilicus have been 
reported between 1886 and 1937. 


620 Park Avenue. 
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Vaginal hernia is a herniation of the peritoneum pushing downward 
through the pelvic floor into the vaginal vault or along the wall between Fe 
the vagina and the rectum or bladder, sometimes extending between be 
them all the way to the perineum. With prolapsus uteri, it is not 4 
uncommon; but uncomplicated vaginal hernia is considered rare. The . 
condition is interesting to obstetricians, as it appears to occur most fre- 
quently during or following labor ; it is of interest also to gynecologists, 
in the differential diagnosis of cystocele and rectocele and as a com- 
plication of prolapsus uteri. 

Vaginal hernia is a term used to designate a subvariety of pelvic rf 
hernia, the latter term including all hernias through the pelvic floor. t 
This subvariety of hernia is named from the point of egress, the practice f 
used in the nomenclature of the inguinal hernias. The recognition and use 
of this term would group instances of this rare type of hernia together 
under one main heading for the purpose of indexing histories and medi- 
cal literature. It would also be consistent with the best usage in nomen- 
clature of hernia, bringing the designation of these cases into harmony i 
with the terminology of hernias in general, which is according to the 
point of origin and not of termination. The Quarterly Cumulative Index 
Medicus lists instances of this type of hernia separately, using the term 
vaginal instead of cul-de-sac, with a separate listing for perineal, etc. 
Few textbooks adequately describe this condition, but the article by 
D. G. Ward in Kelly’s “Gynecology” is complete and well illustrated. 

The first case of vaginal hernia was reported by Garengeot in “The 
Memoirs of the Royal Academy of Surgery,” early in the sixteenth 
century. The condition occurred in a woman one month after a fifth 3 
confinement, when she attempted to lift a heavy weight. In 1804, Sir ¢ 
Astley Cooper, under the title “Abdominal Hernia,” reported 3 cases of 
pelvic hernia without complications. He expressed surprise that more ¥ 
cases were not encountered in history and stated that the oblique direc- =) 
tion of the pelvis is a factor in the prevention of this type of hernia. 
Barker in 1876 found enough cases to allow a satisfactory anatomic 
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classification and listed the causes of the condition as (1) violent shock 
from falls, (2) strong physical efforts and (3) difficult parturition. The 
first operation for vaginal hernia, apparently caused by large fibroids, 
was performed in 1885. 

CLASSIFICATION 


This classification of pelvic hernias follows that of Barker: 


1. Vaginal—(a) Anterior—passing between the bladder and the 
cervix. 

(b) Posterior—passing posterior to the uterus and 
involving the bulk of the vaginal and the recto- 
vaginal pouch. 

(c) Postoperative (Postoperative vaginal hernia is 
actually in a third subdivision by itself, a classifica- 
tion used by Masson). 

. Perineal—passing through the rectal vaginal pouch, leaving the 
vault of the vagina normal. 


3. Pudendal—dissecting the side of the pelvis and appearing in the 
labia majora. 


. Complete pelvic (Complete pelvic hernia consists of the extrusion 
of all the pelvic contents and is not a true vaginal hernia). 


. An additional type added by Zuckerkandel, namely, a protrusion 


of the cul-de-sac into the anterior wall and lumen of the rectum. 


These hernias all have a separate peritoneal sac, which cystocele and 
rectocele do not have, and a definite ring, which is absent in prolapsus 
uteri. As such, cystocele and rectocele and prolapsus uteri with pelvic 
floor are to be classed as false vaginal hernias. 


REVIEW OF THE LITERATURE 


A marked confusion of terms and an inadequacy of description make 
it almost impossible to review the literature accurately, particularly from 
the standpoint of identification of a true vaginal hernia from the descrip- 
tions of many authors. Analysis frequently proves that the vaginal 
bulging or mass is the result of a prolapsus or descensus of the uterus 
accompanied by bulging of abdominal contents. 

The first reported case was that of Garengeot, in the sixteenth 
century, followed by 3 of Cooper. Smellie later reported 3 cases, fol- 
lowed by Sweepster in 1919. Moschcowitz in 1912 reported 25 cases in 
the literature with 1 of his own of the perineal variety. Chase in 1922 
was able to identify only 13 cases, including 1 of his own. Miles in a 
careful summary of the literature in 1926 was able to find only 9 cases 
of definite vaginal hernia, of which 3 were observed without operation or 
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autopsy. To these he added 2 of his own. Three of Barker’s cases 
reported in 1876 were studied by Miles, and only 1 was accepted as 
an instance of true vaginal hernia. Miles’ 11 cases are as follows: 


Case 1: Taylor in 1831 reported the case of a 22 year old woman in her second 
pregnancy. Three days post partum a vaginal mass was noted; it was large at the 
end of thirteen months, occupying a posterior commissure of the labia below the 
external surfaces. The diagnosis was postvaginal midline vaginal hernia. 


Case 2: Etheridge in 1887 reported the case of a woman aged 19 or 20. During 
her sixth month of pregnancy, the patient was jumping a rope and felt something 
come down through the vagina. Delivery was normal. After delivery, a mass 
was noted, appearing with lifting and straining, coming out between the thighs. 
Examination showed a large opening in the roof of the vagina with edges form- 
ing a definite ring. This opening was to the left of the uterus, anterior to the 
broad ligament and posterior to the bladder. The hernia extended into the vagina 
and was not lateral to the vaginal canal, a feature which differentiated it from 
a pudendal hernia. This was of anterior vaginal type. 


Case 3: Barker in 1876 reported the case of a 32 year old woman who fell 
during her first pregnancy. She soon felt a mass protruding in the vagina. The 
symptoms were those of strangulation of a loop of intestine. A definite sing 
was felt in the vaginal vault, posterior to the cervix and just to the right of the 
midline, 11%4 inches (4 cm.) in diameter. The hernia was easily reduced. It was 
followed by eight successive attacks. 


Case 4: Birchenall in 1869 reported the case of a 53 year old woman who 
died eighteen hours after an intra-abdominal injury. The only autopsy performed 
in a case of vaginal hernia was made in this case. The patient had long suffered 
from a vaginal hernia. The autopsy showed a small point of perforation of the 
intestine. 

Case 5: Thomas in 1885 performed the first operation for vaginal hernia, 
on a multipara aged 39. The vaginal mass had been present for six years, extend- 
ing to the middle of the thigh. Pain appeared in the bladder and rectum with 
reduction. The pelvic organs were in normal positions. The hernial orifice 
was in the vaginal fornix, through an opening in the broad ligament. At 
operation the sac was reduced by the insertion of an assistant’s hand in the vagina 
and sewed to the anterior abdominal incision. Excellent results followed. Thomas 
reported 4 cases also of posterior midline vaginal hernia, in which operation 
produced cures. 


Case 6: Huginer in 1912 reported an operation, performed in 1911, for 
prolapse of the uterus with vaginal prolapse and attendant disorders. The opera- 
tion consisted of amputation of the cervix, anterior colporrhaphy, perineorrhaphy, 
and abdominal hysteropexy. In six months the mass recurred, diagnosed as 
rectocele. At operation, the sac of a definite vaginal hernia of the cul-de-sac was 
encountered. 


Case 7: Lathrop in 1913 reported the case of a multipara aged 41. In July 1908, 
an operation was performed for cystocele, rectocele and prolapsus uteri, with 
abdominal fixations. In December 1908, the rectocele recurred and operation was 
done, followed by a second protrusion. In 1909, the patient had a delivery, fol- 
lowed by an increase in the size of the mass. In 1912, an operation showed this 
to be a vaginal hernia. Broad ligament and uterus were used to close the defect. 


Case 8: Hartmann in 1916-1917 reported the case of a 30 year old woman 
who had had her first child at the age of 22 and her second at the age of 24. 
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After the second birth she experienced prolapse of the uterus, which was treated 
by abdominal fixation. The birth of a third child, when she was 29, was ifol- 
lowed by a prolapsing vaginal mass. No rectocele or prolapsing uterus was 
encountered in this mass. A subsequent pregnancy was followed by an operation 
and permanent cure of the vaginal hernia. 


Case 9: Sweetser in 1919 reported the case of a single woman aged 21, who 
had experienced no pregnancy. She had had a pyosalpinx with fever for five years 
followed by a swelling in the vagina. A definite vaginal hernial ring was encoun- 
tered, while the perineum and the uterus were intact.. At operation, the levators 
were sutured. 


Case 10: Miles in 1926 reported the case of a 46 year old woman, with three 
children. Seventeen years after the birth of the last child, an abdominal swelling 
was encountered. Examination showed a bulging of the rectum in the vagina, 
thought to be a rectocele. At operation, much fluid and a multilocular cystadenoma 
of the ovary were encountered. The uterus was high. The pelvis was not explored. 
A second operation, twenty-six days later, disclosed a water-filled cyst con- 
necting with the abdomen through a small opening at the level of the posterior 
cervix and between the vagina and the rectum. 

Case 11: Miles in 1920 reported the case of a 35 year old woman with five 
children. Abdominal distention of two years’ duration was found to be due to 
an excess of fluid and a multilocular cystadenoma of the ovary. The uterus was 
high. A mass was found in the posterior vagina. No rectocele was present. ‘The 


cul-de-sac was large, with the opening extending down between the rectum and 
the vagina. 


Hundley, in 1927, outlined a variation of surgical repair based on 


experience in 4 cases. His procedure, which he recommended for use 
only for patients who have passed the menopause, consists of exposing 
the uterovesical peritoneum and drawing the fundus sharply forward 
into the opening. The apex of the invaginated vaginal hernial pouch is 
then pushed by the index finger along the posterior surface of the uterus 
into the opening above and firmly anchored by two linen sutures which 
pass through the entire cul-de-sac, peritoneum, pelvic fascia and 
vaginal mucous membrane. Thus a vagina of normal length is retained. 
The cervix is subsequently amputated. 

Crossen in 1930 reported 2 cases: 


Case 1: An operation for uterine prolapse on a patient 66 years of age was 
followed within four years by a characteristic hernia of the cul-de-sac. Because 
of a bad heart and adiposity the hernial repair was performed under local anesthetic. 

Case 2: The patient was 69 years of age, a poor operative risk. Pessaries and 
similar appliances never failed to maintain the bladder and uterus in place, but a 
posterior vaginal mass slipped out past the pessary. At operation, the uterine 
prolapse was treated by vaginal shortening of the broad ligament, while the hernia 
of the cul-de-sac was treated by repair of the pelvic floor. 


Green in 1931, reviewing the literature, stated that of 50 or 60 cases 
reported, between 10 and 12 were of the true vaginal type, with an equal 
number of the perineal type. He reported 2 cases: 


Case 1: The patient was 62 years of age and had experienced five labors. 
At the age of 32 she had had her first labor, which had been prolonged until 
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delivery by means of forceps became necessary. It was followed by a vaginal 
bulging. After the patient had at first refused an operation, one was performed 
in 1929. At this time, a large posterior vaginal hernia was encountered, filled 
with intestines. It was repaired by suture of the levator muscles. 


Case 2: The patient was a 62 year old woman, with five children. At 22 
years of age she had been delivered by a midwife, with forceps. At 29 she had 
had a large hernia, occupying the entire vagina, easily reduced; it was found to 
contain intestines. No cystocele or rectocele was present, and the pelvic organs 
were in normal positions. 


Williamson in 1932 reported 2 cases: 


Case 1: A negress, age 46, a unipara, was operated on in 1926 for complete 
uterine prolase, with lacerations of the pelvic floor. The hysterectomy was followed 
by perineal breakdown and complete prolapse of the vagina. This was treated 
by sewing the vaginal vault to the fascia of the lower anterior abdominal wall. The 
results were good. This case hardly warrants the diagnosis of true vaginal hernia. 


Case 2: A white woman, age 48, suffered from an abdominal mass for five 
years. There was a protrusion of the posterior vaginal vault through the vaginal 
orifice. At operation, no serosa of the cul-de-sac was encountered, but the mass 
was found to be inflammatory in consistency, constituting a huge hydrosalpinx and 
cystic ovary. A subtotal hysterectomy and bilateral salpingo-oophorectomy were 
performed and the cul-de-sac closed by approximating the uterosacral ligament. 
The cervical stump was supported by the round ligaments and the denuded areas of 
the pelvic floor covered by peritoneal flaps. Results were satisfactory. 


Masson encountered his first case in 1926, at an operation supposedly 


for rectocele. Since then, there have been 11 cases at the Mayo clinic 


according to his last report in 1932. His first 5 cases, reported in 1928, 
are as follows: 


Case 1: Multiple fibromyomas of the uterus associated with hernia of the 
cul-de-sac occurred in a 44 year old woman who had experienced four pregnancies. 
There was no postoperative recurrence of hernia. 


Case 2: A woman 42 years old who had been pregnant five times, was examined 
in 1919. In 1917, a perineorrhaphy for a supposed rectocele was performed fol- 
lowed by a prompt recurrence of symptoms. In six months uterine suspension 
and a second perineorrhaphy were performed, and again the symptoms promptly 
recurred. Since then, attacks of abdominal pain and distention had become more 
severe and were associated with vomiting. The hernia was of posterior vaginal 
type. 

Case 3: A woman 65 years old, who had been pregnant ten times, had suf- 
fered from a vaginal mass for five years. Supports were useless and irritating. 
The vaginal mass consisted of the uterus in addition to a hernial sac. Hernior- 
rhaphy was performed three weeks after uterine suspension. 

Case 4: A woman, 39, with two children, aged 8 and 10 years, was sub- 
mitted to uterine anterior fixation for supposed prolapse, after her last pregnancy. 
The condition promptly recurred when she stood up. A protruding vaginal mass 
was present at examination, which showed complete uterine prolapse, as well as 
cystocele. At operation, the rectum was isolated from the mass, and a vaginal 
hernia separate from the prolapse was encountered. 
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Case 5: The patient, a 57 year old woman, had three children. After the 
birth of the last, in 1904, she was troubled by a vaginal mass on standing or 
straining. In 1906 a perineorrhaphy and uterine suspension were performed, 
followed by prompt recurrence. In 1913 a Kocher operation for prolapse was 
performed and was followed suddenly in three months by a recurrence. At opera- 
tion, no cystocele, but a large posterior vaginal hernia, was encountered. 


Erdman in 1932 cited a case reported by Michelson and Lukin in 
which a vaginal hernia was mistaken for a vaginal polyp and excised 
with fatal results. 


Bueermann in 1932 reported 3 cases: 


Case 1: A 61 year old woman, who had been pregnant three times suffered 
from a posterior vaginal mass of fifteen years’ duration. Gurgling sounds were 
noted when the patient walked. A subtotal hysterectomy had been performed in 
1912, five years before the mass was noted. In 1913, a rectocele was repaired, and 
the condition immediately recurred. In 1914, an unsuccessful attempt at repair 
was made. The patient was told her tissues were too weak for further repair. 
The mass was easily reduced and recurred with coughing or strain. Gurgling 
and peristalsis were noted. No cystocele or rectocele was found on examination. 
The mass was a large vaginal hernia. 


Case 2: A 67 year old nullipara complained of rectal and vaginal pressure. 
In 1928 a posterior vaginal mass was found. A perineorrhaphy and colporrhaphy 
gave relief of short duration. No uterine prolapse was present. The posterior 
vaginal wall was redundant. A diagnosis of vaginal hernia was made at opera- 
tion. In 1931 a rectal hernia was discovered. 


Case 3: A 66 year old woman, with six children, complained of a vaginal 
mass of six months’ duration, which appeared with cough or strain and disappeared 
when she lay down. She had no backaches. A bearing-down sensation was noted 
with micturition. The frequency of occurrence was greater in the daytime. The 
mass was in the anterior part of the vagina. There was no cystocele, according 
to the sound in the bladder. 


Dew in 1934 reported 2 cases: 


Case 1: A woman 56 years of age suffered from cirrhosis of the liver, associated 
with ascites. In 1925 a vaginal hernia was encountered. Her five pregnancies 
had all been easy. At operation, a large rectocele was encountered below the 
posterior hernia. Operation was followed by death. 


Case 2: A 38 year old woman had had four pregnancies, of which the first 
had terminated in a face presentation with five days’ labor. Three years previously, 
some heavy lifting had been followed by severe pains in the lower part of the 
black. A pessary did not give satisfaction. A vaginal mass appeared, associated 
with constipation and difficulty in defecation. At operation, a posterior vaginal 
hernia was encountered measuring 6 by 8 cm., lined with peritoneum, associated 
with diastasis of the levators. 


Black in 1934 reported the following case: 


A 65 year old septipara, with children between the ages of 37 and 21, had 
fallen seven weeks before examination. After the fall, a large mass had appeared, 
with a second degree laceration of the perineum. No uterine prolapse was 
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encountered. After a diagnosis of vaginal hernia, a high perineorrhaphy was 
performed. The sac was filled with small intestines and located in the midline. 
The neck of the sac admitted an index finger. 


Caillot and his associates in 1935 reported a case of perforation of 
the cul-de-sac by curet and escape of the sigmoid colon through the 
orifice thus produced. Total abdominal hysterectomy was performed. 
The presence of a true vaginal hernia is to be doubted. Cervenansky 
reported a case of pelvic hernia of perineal type in February 1936, but 
the last case, one of a lateral hernia of the cul-de-sac, was reported by 
de Modena in December 1936. 


Stearns, in January 1936, reported the last true cases of vaginal 
hernia : 


Case 1: The patient was a tripara, aged 53, who had had normal labors. 
Fibrillating heart and mitral stenosis were complications, associated with marked 
ascites, which served as a contributing factor in the production of a vaginal 
mass of eighteen months’ duration. The diagnosis on examination was rectocele 
and prolapse of the uterus. This mass was extruded only on straining and was 
preceded by a large cervix. The operation showed the condition to be a combined 
prolapse and vaginal hernia. The hernial sac was empty. The condition was fol- 
lowed in three months by embolism. The pelvis and adjacent organs were not 
examined at autopsy. 


Case 2: A quintipara, 56 years old, whose first pregnancy had been sixteen . 
years previously, had suffered from a dragging-down sensation in the pelvis 
for three years. A 5 foot fall seven years ago was followed by a vaginal bulging. 
This disappeared when she lay down. Retention of urine was difficult. The diagno- 
sis on three previous incomplete examinations had been cystocele and rectocele, 
and in one case prolapse of the uterus. A thorough examination showed no 
cystocele, rectocele or prolapse. The report is indefinite as to whether the vaginal 
hernia was of the anterior or the posterior type. 


REPORT OF A CASE 


The present case is interesting because for the first time microscopic 
examination was made of tissues of the pelvic structure and pathologic 
changes were observed which are important particularly in the develop- 
ment of hernia in older patients. 


A white woman, age 72, who had had three children with normal deliveries, 
entered the hospital because of a bulging mass in the vagina and disease of the 
bladder. Nine years previously the patient was operated on for cystocele, and 
the cervix was amputated. At that time, the perineum was slightly lacerated 
but was not repaired. About a year later, the patient noticed a bulging mass 
coming from. the vagina, which gradually increased in size, and caused con-~ 
siderable trouble, creating distress when her bowels moved. It was as if everything 
were dropping out. When she was on her feet, the mass protruded from the 
vagina, appeared filled with fluid and “crunched” when she walked about. 
She never wore a support or pessary. At times she was troubled with frequency 
of urination and noticed a burning sensation. Her appetite was good, and she was 
not constipated as a rule. Physical examination showed her to be in fairly excellent 
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condition. The pulse rate was slow, with a dropped beat of one in three. The 
blood pressure was 190 systolic and 100 diastolic. There was no tenderness or 
mass in the abdomen. A bulging mass was pouching out the posterior vagina 
and coming out the vulva. When pushed inward, this seemed to come from 
immediately behind the cervix. Prior to operation, her blood pressure dropped 
to 140 systolic and 60 diastolic. 

With the patient under ether anesthesia, the posterior vaginal mucosa was 
divided in the midline from the perineum up to the cervix. The hernial sac, 
which had pushed out of the vagina, was dissected free and ligated high at the 
neck above the hernial ring, which was found to be in the posterior fornix 
immediately posterior to the cervix. The neck was then sutured to the posterior 
side of the cervix, the elevators of the rectum brought over the rectum, the vaginal 
mucous membrane closed and a perineorrhaphy performed. This shortened the 
vagina considerably, but there was some posterior floor to the vagina. The 
bladder was in the normal position. Examination one year later showed no 
recurrence, 

Histologic Examination—Redundant tissue encountered at the time of the 
vaginal repair, together with specimens of the hernial sac and: some tissue from 
the floor about the neck of the hernial sac, was removed for microscopic examina- 
tion. Sections taken near the surface revealed stratified squamous epithelium, 
apparently in a healthy condition, with some areas showing increased thickness 
and a tendency toward a layer of keratin on the surface such as is noted in vaginal 
prolapse. Invading the basal layer from the lamina propria were a few wandering 
cells of the lymphocytic type, among which plasma cells could be identified. 
Swelling, edema and vacuolation occurred in the non-keratin-forming parts of 
the epithelium. Smooth muscle fibers below the lamina propria came in small 
bundles or even isolated as single atrophic fibers, usually buried in an over- 
whelming proliferation of fibrocollagenous tissue, which in areas exhibited highly 
cellular inflammatory scar reaction. Over considerable areas the muscle and 
the elastic tissue were completely lost and overwhelmed by scarring, which ulti- 
mately exhibited diffuse hyalinization and a definite degeneration, which actually 
became granular in character. The same change was encountered in the fibro- 
tendinous tissue of the pelvic floor about the hernial neck. 

Blood vessels appear as finely compressed channels and were uncommon except 
in the areas of better preserved smooth muscle in which arterioles exhibited 
marked hyalocollagenous thickening of the intima, resembling senile obliterative 
endarteritis and commonly involving occlusion of the lumen. Near this region 
were elements of cervical tissue, including cervical glands, several of them cystic. 
This vascular change associated with alteration in the character of the normal 
vaginopelvic tissue had resulted in definite scarring and degeneration. The 
mechanism and change were identical with those in aneurysm of a vessel. 

The pathologic diagnosis were senile arteriosclerosis of the vagina and the 
pelvis, endarteritis obliterans of the vagina and the pelvis and degenerative cel- 
lulitis of the vagina and the pelvis of vascular origin. 


ANATOMY OF VAGINAL HERNIA 


Vaginal hernia originates most frequently in the bottom of the cul-de- 
sac, the internal ring formed by the uterosacral ligaments and the 
anterior rectal wall, or by separated fibers of the pelvic fascia and levator 
ani muscle and the cervix. It appears in the vagina and vulva or pro- 
trudes through at the posterior commissure. This hernial protrusion 
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Above, a central zone of degenerating granular hyaline scarlike tissue, con- 
taining arterioles showing collapse and obliterative changes is located between 
more normal fibromuscular pelvic tissue (x 100). 
tissue undergoing granular change and dissolution, associated with traumatic hemor- 
rhage, is located between two small arteries, A, showing complete senile hyaline 
obliterative endarteritis (x 100). 


Below, fibromuscular pelvic 
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occurs through a defect in the pelvic floor, which consists of a peritoneal 
surface, the levator ani muscles, a median anococcygeal raphe and the 
pelvic fascia. These are interrupted in their perfect closure of the pelvic 
outlet by the rectum, the vagina and the urethra. Posterior to the 
cervix their fusion along the line of the raphe is usually dense. Syming- 
ton found the floor of the pelvis in the median plane to be about 2.5 cm. 
in thickness, composed of muscle and fascia. Derby, however, found 
the levator ani muscle to be the most variable muscle in the body, com- 
monly affected by congenital weakness or absence of its intercommuni- 
cating fibers, and as such a prominent predisposing factor in formation 
of a hernia. The pelvic fascia which overlies the levator ani muscle 
passes from the brim of the true pelvis downward and inward to the 
bladder, with which it is intimately connected, and to the vagina, which 
it splits to enclose, united with the fascia of the opposite side, and is 
attached to the cervix uteri, where it helps to form the vaginal vault. 
This forms a fibrous sling which is the main support of the bladder and 
the strongest of the uterine supports. The posterior part of the fascia 
is deeper than the anterior and passes downward and inward to the 
rectal wall, to which it is intimately attached as part of the floor of 
the cul-de-sac. Posterior to the rectum it covers the piriformis muscle 
and is continuous above with the lamella of the lumbar fascia. The 
tendency toward a weakness of the midline structures posterior to the 


cervix is more easily understood on consideration of the embryologic 
formation of the pelvis and fascia as first described by Zuckerkandel 
in 1891. Breisky found the cul-de-sac in a 3 month female fetus to 
extend to a point where the uterovaginal canal still empties into the 
urethra. Ziegenspeck found the cul-de-sac to extend to the levator ani 
muscle in 2 of 56 specimens examined. 


CAUSATION 


Etiologically, vaginal hernia is based on anatomic, or most essen- 
tially traumatic, embryologic and pathologic change in the tissue. It 
is evident that in the absence of direct traumatic violence, such as may 
occur in labor, or of true pathologic changes in the tissue of the pelvic 
floor of inflammatory or degenerative type, the underlying ‘source of 
herniation is a congenital defect or weakness in that floor. The utero- 
sacral ligaments are totally incapable of preventing a tendency toward 
true vaginal hernia, and their weakening only induces prolapse. It 
has been found that Douglas’ pouch extends down to the levator ani 
muscle in the fetus and at birth is already retracting and elevating, 
so that by puberty it has reached the level of the second and the third 
sacral vertebra. Failure of this change to take place leaves a weak 
space in the pelvic fascia just in front of the rectum, where the rectum 
passes through the pelvic floor, and accounts for the occurrence of 
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enterocele in young nulliparas. Another cause is the failure of the 
muscles of the pelvic floor, particularly the levator ani, which is a 
highly variable muscle in thickness and position, to give proper support 
to the pelvic fascia. 

Trauma is a major contributing factor in the production of vaginal 
hernia. Labor itself could not cause this defect, but a large head with 
impaction and tearing of a firm vaginal wall or of the supporting pelvic 
floor with abrupt labor or instrumentation may produce it. The relaxa- 
tion of muscles, tendons and fascia concomitant to pregnancy may 
easily lead to rupture. In 59.9 per cent of the reported cases the 
condition was noted in women who had experienced multiple preg- 
nancies, which also serve to loosen the connective tissue attaching the 
uterus, the vagina and the pelvic floor. Greatly increased intra- 
abdominal pressure, such as occurs with obesity, ascites, intra-abdominal 
tumors and the like, or a sudden fall also leads to the formation of 
hernia. 

Age, to a degree, is important. Bueermann’s statistics on 76 cases, 
in 48 of which age was mentioned, indicate the close connection between 
the period of productivity, particularly of multiparous pregnancies, 
and vaginal hernia. To this is added the recognized laxity and weakness 
of supportive structures in old age, the major source of which must 
be the vascular changes and alterations in the tissue described in the 
case here reported and noted below. Bueermann’s list showed: 


Years No. of Cases 
10-19 1 
20-29 8 
30-39 13 
40-49 12 
50-59 6 
60-69 8 


There has been little study of the pathologic changes in the pelvic 
floor. In 2 reported cases inflammatory changes, originating in pelvic 
inflammatory disease, were apparent causes of hernia. One factor 
which has not been studied is presented in my case report and indicates 
the importance of vascular changes in production of degenerative 
defects of the tissue. The resultant alteration resembles aneurysm and 
leads to an aneurysmal defect and breaking down of the supporting 
structure. This evidently must play a prominent part in cases of 
senile or arteriosclerotic conditions and in those in which the patient 
is nulliparous when trauma and congenital defects do not immediately 
explain the herniation. 

In the normal or obliterated cul-de-sac, intestinal and intra-abdom- 
inal pressure is applied to the symphysis pubis and the bladder. But with 
the deepening of the cul-de-sac by whatever cause, this pressure falls 
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on the anterior and posterior vaginal wall and is deflected from the 
pelvic fascia, gradually causing a deepening and elongation of the pouch, 
which then extends down along the vaginal wall or protrudes into the 
vagina itself. 

DIAGNOSIS 

The failure to recognize this condition when it is a complicating 
factor in uterine prolapse may result in great disappointment from the 
operation for prolapse. The patient returns after a time, complaining 
of return of the prolapse, and examination shows a projecting mass. 
Bueermann showed that in 40.6 per cent of cases diagnosis was not made 
at first examination or at operation and the uterus had been removed 
prior to the onset of symptoms in 4 of 59 cases. Vaginal hernia must 
be differentiated from abscess, cyst, hematoma, lipoma, polyp, fibroma, 
prolapse of the uterus, vagina or rectum and cysts of Gartner’s duct 
in the upper vagina, especially if connected with cysts of the paro- 
varium. One should note carefully if the masses are reducible and have 
a hernial ring at the base. 

In operation, greatest care should be exercised in upper vaginal 
swellings. With careful mucosal dissection, the hernial sac becomes 
exposed on elevation of the flaps. Caillot and his associates reported 
a case in which one such mass was mistaken for a uterus and perforated 
with a curet. Michelson and Lukin cited a case in which the amputation 
of a hernial mass which was interpreted as a polyp resulted in death. 

Most masses in the upper part of the vagina are first considered 
rectoceles. However, one should note that the hernia appears when 
the patient stands, coughs or strains, disappears when she is in a 
recumbent position, has a definite hernial ring, gurgles on manual 
replacement of the bowel and has no connection with the rectum, as 
indicated by digital examination of the lumen and wall of the latter, 
although it may be simultaneously accompanied by rectocele, cystocele, 
prolapsing uterus or all of these conditions. Cystoscopic examination 
and discernment of sounds differentiate anterior vaginal swellings. 
As a rule, it is gradual in development ; it is occasionally associated with 
strangulation. It is not painful, and incapacitation for work comes 
from the inconvenience of the mass. Disturbances of the bladder and 
bowels occur occasionally, more frequently with the anterior type. 

During labor vaginal hernia may appear suddenly, with alarming 
symptoms of shock and evidence of intestinal obstruction due to incar- 
ceration from impingement and dragging of the hernial pouch between 
the fetal head and the pelvic outlet. In such cases, however, an asymp- 
tomatic outpouching prior to labor may be presumed. This condition 
is treated by pushing the head above the pelvis and reducing the hernia. 
In Hundley’s third case a hernia which appeared in the seventh month 
was maintained in reduction by tampon until full term delivery. 
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COMPLICATIONS 


In addition to errors arising from mistaken or incomplete diagnosis, 
various complications, with varying import, may occur in cases of 
vaginal hernia. The most common is the combination of vaginal hernia 
with cystocele, rectocele or uterine prolapse, at times resulting in neg- 
lect of one or the other condition. Bueermann, in his series of 76 
cases, noted complications in 20, as follows: 

No. of Cases 
(a) Interference with normal delivery 10 


(b) Hernia incised or excised because of error in 
diagnosis with death 


(c) Pelvic abscess following delivery with spontaneous 
recovery 


(d) Rupture of hernia with evisceration and death 
(e) Rupture of hernia with recovery 
(f) Rupture of hernia during delivery with recovery 


(g) Death from incarceration of vaginal hernia 


Tumors, conditions of the heart and kidney which produce ascites, 
obesity and other abnormalities should be considered in terms of com- 
plications, not only as factors creating increased intra-abdominal pres- 
sure and thus causing enterocele, but also as conditions endangering 
the efficacy and permanency of operative procedures. 


PROGNOSIS 


Vaginal hernia may cause considerable discomfort, often preventing 
work, but does not endanger life unless strangulation occurs, when 
immediate surgical intervention becomes imperative. Reduction is 
usually possible, while surgical repair offers excellent promise of per- 
manent cure. 


TREATMENT 


Treatment is preeminently surgical. Operation is performed by 
either an abdominal or a perineal approach. The latter, usually fol- 
lowing the procedure of Kelly, is particularly useful in cases of old or 
debilitated patients or those in which vaginal hernia is accompanied by 
rectocele or cystocele, and gives an excellent view of the hernia and 
its ring. The vaginal mucosa is longitudinally incised over the mass 
and the sac carefully exposed by blunt dissection. If any intestinal loop 
is in the sac, the patient’s hips are elevated to effect reduction. The 
sac should then be opened with the greatest of care and cut short and 
the stump sutured behind the cervix, or the sac may be sutured whole 
to the uterine surface as additional support to the pelvic floor. The 
pelvic floor is then closed by cross or purse string sutures, a process 
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in which living sutures may occasionally be required, after which peri- 
neovaginal defects are corrected, excess vaginal tissue trimmed off and 
the operative wound routinely closed. When the sac is too adherent to 
be dissected free, the cavity should be obliterated by scarification. the 
peritoneal surface sutured as high as possible and the pelvic floor then 
firmly closed over the opening. 

In the presence of a good perineum, when the patient is otherwise 
healthy, the abdominal route as used by Moschowitz is more usually 
chosen, as it permits easier reduction of the hernia with resection of the 
intestine if indicated and the sac can more easily be identified and the 
hernial opening more firmly closed. In this the hernia is reduced and 
the sac then invaginated, folded on itself and sutured to the pelvic floor 
as reenforcement, or the sac may be closed by a series of superimposed 
purse string sutures starting at its base and finally ending with suture 
of the pelvic floor and the uterosacral ligaments but without inclusion 
of the uterus. At times it may be necessary to use a combined abdom- 
inoperineal approach to deal with the vaginal hernia and its complica- 
tions. In any case, it is advisable to implant ureteral catheters before 
operation. The danger of inclusion of the ureters in repair of the 
pelvic floor is considerable. 

Reduction of weight is important, preoperatively and postoperatively, 
in lessening the operative mortality, but particularly in removing the 
concomitant intra-abdominal pressure, which tends to break down the 
repaired pelvic floor and cause recurrence of the hernia. Likewise other 
factors causing increased intra-abdominal pressure should be removed 
by appropriate medical and surgical procedures. 


SUMMARY 


Today there are complete disorganization in the literature and a 
lack of reliable satistical data on vaginal and pelvic hernias because of 
multiplicity and uncertainty in terminology and diagnostic requirements 
and because of inadequate examinations and reports and mistaken inter- 
pretations to be noted in many writings. 

As interpreted by certain writers, vaginal hernia is a rare condition, 
a subvariety of pelvic hernia, appearing in the anterior or posterior 
fornix. 

There have been 26 reported cases of vaginal hernia to date by 
the strict analyses of Miles or 83 by the broader interpretation of 
Bueermann, who accepted the diagnosis of the examining physician. 

A case report of vaginal hernia is presented, with the first reported 
microscopic pathologic examination of involved tissues, indicating a 
pathologic basis for the formation of hernia. This is an aneurysmal 
relaxation of degenerative scar tissue resulting from obliterative endar- 
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teritis and may be expected in senile and arteriosclerotic patients, in 
the absence of traumatic and congenital changes and as contributing 
factors with them. 

Congenital maldevelopment, defects and variations in the pelvic 
floor are main predisposing factors to vaginal hernia, and trauma at 
birth, a chief contributing factor. 

Vaginal hernia frequently is not diagnosed on the first examination 
or operation and must be differentiated from various pelvic and vaginal 
conditions, particularly rectocele, cystocele and prolapsus uteri. 

Vaginal hernia as a rule causes only discomfort. In about 1 out 
of 4 cases the condition is complicated, and in 30 per cent of these it 
terminates fatally. If the condition develops during labor, the signs 
may be those of shock and intestinal obstruction; the treatment in this 
case is immediate return of the head and reduction of the hernia. 
Obstruction and strangulation from other causes demand immediate 
surgical intervention. 

The treatment is surgical, by an abdominal, a perineal or a combined 
approach, following an appropriate recognized technic. The insertion 
of ureteral catheters prior to operation is advised. 

All factors, including obesity and tumors, which cause increased 
intra-abdominal pressure should be corrected by appropriate surgical 
and medical procedures, as important preoperative, operative and post- 
operative prophylactic measures. 
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KIDNEY 

Tumor.—Smith * stated that either the lumbar or the transperitoneal 
approach may be used for removal of a tumor of the kidney. In a series 
of 50 cases of renal and ureteral neoplasms, the kidney was removed 
transperitoneally in 22 and by the lumbar route in 22. Indications for 
the selection of the lumbar route are: (1) uncertain diagnosis; (2) 
small size of the mass; and (3) probability that the growth is pelvic 
rather than cortical. The transperitoneal route is chosen for removal 
of large cortical tumors. It allows examination of the abdomen for 
metastatic growths before the tumor is disturbed. 

When the intestines are walled off from the upper part of the 
abdomen on the affected side, the tumor will be seen beneath the 
posterior portion of the peritoneum. It may be exposed through an 
incision made in the overlying peritoneum or in the parietal peritoneum 
1 inch (2.5 cm.) outside the ascending or descending portion of the 


1. Smith, G. G.: Surgery of Renal Tumors, J. Urol. 39:308-313 (March) 
1938. 
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colon. The colon, with the posterior peritoneum, is then rolled inward, 
the entire renal fossa being exposed. 

A tumor of the renal pelvis rarely reaches a size which requires the 
use of the transperitoneal approach. For a tumor in this location 
removal of the entire ureter together with that portion of the vesical 
wall through which the ureter passes is an essential part of the operation. 
In 6 of Smith’s 7 cases of ureteral tumor, there was a growth either in 
the intramural portion of the ureter or arising from the ureteral meatus. 

Accidental tear of the vena cava is encountered usually in an opera- 
tion on the right kidney and occurs in one of three ways: (1) inclusion 
of a portion of the vessel in the mesial clamp on the renal vessels, 
(2) tearing of a portion of the vena cava which is adherent to the kidney 
as the latter is mobilized and (3) avulsion of the renal vein at its site 
of entrance into the vena cava by undue traction on the renal pedicle. 
Five methods have been advocated to control the bleeding: (1) packing, 
(2) partial or lateral ligation, (3) complete ligation, (4) application of 
clamps, which are left in place, and (5) suture of the tear. Packing is 
the least satisfactory ; lateral ligation is also untrustworthy. Apparently, 
complete ligation may be done. Pfaff reviewed 19 cases in which com- 
plete ligation was performed, with 6 deaths. The ligation must be below 
the entrance of the left renal veins; otherwise death from uremia will 
follow. Walters and Priestley stated the opinion that accurate applica- 
tion of large, smooth-jawed, curved clamps to the defect in the vena 
cava is a satisfactory method of closure. The clamps should be left in 
place for one week; then they should be gently loosened and removed 
in twelve to thirty-six hours. Suturing with oiled silk is the ideal 
method of closure. 

The results of nephrectomy for renal tumor are difficult to estimate. 
Recurrence of such a tumor fifteen years after operation has been 
reported by Muir and Goldsmith, and a number of like cases, in which 
the tumor recurred nine, ten and twelve years after nephrectomy, have 
been reported by other writers. 

With reference to the surgical approach to a tumor of the kidney, 
Cabot * expressed entire accord with the view that the lateral approach 
is desirable for a tumor of the renal pelvis. In dealing with a tumor of 
the renal parenchyma, the operator from the outset should have com- 
plete control of the blood supply and should be concerned not exclusively 
with the tumor but also with the whole surrounding region. The expo- 
sure of such a tumor cannot be complete through the lateral approach. 
An anterior approach should allow exposure of the entire region and 
should be begun not in the loin but at the outer border of the rectus 


2. Cabot, H., in discussion on Symposium on Renal Tumors, J. Urol. 89:314- 
315 (March) 1938. 
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muscle, where the peritoneum should be opened for exploration. If the 
tumor is inoperable, the wound can be closed promptly and without 
damage to the patient. 

Cabot? called attention to the use of the parietal peritoneum for i 
walling off the intestine. This enables the operator to avoid the use of 
gauze packing or other noxious substances, which seem readily to 


produce shock. The peritoneum is an excellent agent for walling off 
the intestine completely. Cabot pointed out that it is essential to proceed 4 
cautiously in approaching the pedicle and to tie all the afferent veins 4 
carefully, because the tearing of the veins over the fatty capsule often b: 


will be troublesome, and the resulting loss of blood is the essential con- 
tributing factor in the mortality. Division of the ureter should be made 
early ; then the pedicle is cared for. When the pedicle has been secured, 
the problem is solved. 

Bell * offered a classification of renal tumors, with observations on 
the frequency of occurrence of the various types. His paper was based 
on the study of records of approximately 30,000 necropsies. 

The following classification corresponds with that used by the 
majority of writers: 


I. Renal tumors occurring in children 
A. Wilms’ tumor, 5 cases 
B. Multiple tumors with tuberous sclerosis, 1 case 
II. Renal tumors occurring in adults 
A. Parenchymal 


1. Fibroma 
2. Leiomyoma is 
3. Lipoma and liposarcoma : 
4. Fibrosarcoma, 1 case % 
5. Hemangioma, 1 case x 
6. Wilms’ tumor 
7. Adenoma k \ 149 cases ri 
8. Adenocarcinoma J e 
B. Pelvic k 


1. Papilloma, 1 case 
2. Carcinoma, 3 cases 





Bell found only 5 renal tumors in children in the series of 30,000 
postmortem examinations, in which children were proportionately repre- : 
sented. Except for the multiple tumors of tuberous sclerosis, all the é 
tumors were of the Wilms type. Examples of hypernephroma (adeno- ke 
carcinoma) were not found among children. Wilms’ tumor occurs in t 
the first decade of life and is highly malignant, only an occasional cure 
being reported. The tumor is large and fleshy; it does not have the 





3. Bell, E. T.: A Classification of Renal Tumors with Observations on the 
Frequency of the Various Types, J. Urol. 39:238-243 (March) 1938. 
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yellowish or whitish color characteristic of tumors occurring in adults. 
Histologically two varieties are distinguished, adenosarcoma and rhabdo- 
myosarcoma. Bell found 3 cases of the former and 2 of the latter. 


Renal Tumors m Adults—The vast majority of renal neoplasms 
develop in the parenchyma, which includes all of the renal substance 
except the pelvis and the connective tissue surrounding it. Fibroma of 
the cortex is a subcapsular growth rarely more than a few millimeters 
in diameter. Leiomyoma is a tumor of fairly frequent occurrence. It is 
seldom more than 5 mm. in diameter, and is situated immediately beneath 
the capsule in most instances. It probably originates from capsular, 
smooth muscle or from the muscle of blood vessels. Lipoma is com- 
paratively rare and usually is very small. It occupies the outer portion 
of the cortex, under the capsule. Several large benign lipomas and a 
few liposarcomas have been reported. Fibrosarcoma of the kidney is 
rare. Most of the tumors which appear to be sarcoma on casual micro- 
scopic examination prove to be undifferentiated carcinoma on examina- 
tion of a number of sections from different parts of the tumor. 
Hemangioma is a rare tumor which does not produce symptoms unless 
it erodes the renal pelvis, in which case hematuria ensues. In rare 
instances Wilms’ tumor occurs in an adult. The structure is usually 
that of adenosarcoma. No instance of occurrence of this tumor in an 
adult was found. Adenoma and adenocarcinoma were discussed together 
because the distinction between them is somewhat arbitrary. 

A survey of 383 cases of Wilms’ tumor, collected from the literature 
or observed personally by McNeill and Chilko,* revealed a poor prog- 
nosis and a mortality rate of more than 90 per cent. 

Six types of treatment have been followed: (1) nephrectomy alone, 
which in the opinion of the majority of surgeons offers the only chance 
for the patient’s recovery; (2) serum thérapy in conjunction with 
nephrectomy (Coley reported a good result from this method); (3) 
roentgen therapy to reduce the size of the tumor and to kill the 
embryonal cells, followed by nephrectomy (fewer than six urologists 
have followed this procedure); (4) roentgen therapy followed by 
nephrectomy and subsequently by another course of roentgen treatment 
(only a few surgeons have followed this procedure) ; (5) nephrectomy 
followed by roentgen treatment to destroy any residual malignant 
embryonal cells, and (6) roentgen therapy alone (only 2 successful 
results from this procedure have been reported, and in each of these 
instances treatment was given over a period of three to three and a half 
years). One of the patients (of Pohle and Ritchie) was alive and in 


4. McNeill, W. H., Jr., and Chilko, A. J.: Status of Surgical and Irradiation 
Treatment of Wilms’ Tumor and Report of Two Cases, J. Urol. 39:287-302 
(March) 1938. 
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excellent health at the time of the report, three years and eight months 
after this type of therapy was begun; in the other case the patient was 
alive and well three years after institution of radiation therapy. 

Kutzmann ° stated that squamous cell carcinoma of the renal pelvis 
is of infrequent occurrence. A review of the literature indicated that 
ability to recognize it clinically has increased in recent years. In all, 81 
authentic cases have been reported. Renal tumors comprise 0.25 to 0.5 
per cent of all tumors; of these, 6.4 per cent occur in the renal pelvis. 
Squamous cell carcinoma forms about 17 per cent of the latter group, 
making 1 in 18,518, or a general incidence of approximately 0.005 
per cent. 

There is no pathognomonic clinical syndrome. Hence, the diagnosis 
has never been made preoperatively. The disease has an insidious onset 
and runs a rapid and fatal course. The only known treatment is 
nephrectomy. The prognosis is poor, there being no five year cures 
on record. 

Squamous cell carcinoma of the renal pelvis is associated with chronic 
renal infection and with calculus in more than half the cases. 

Squamous cell carcinoma of the renal pelvis presents a paradox, 
because it is an epithelial growth derived from tissues of mesothelial 
and entodermal origin. This occurrence can be explained if one assumes 
the presence of a protective metaplastic process, that is, leukoplakia, 
on the renal pelvic mucosa, which with continued irritation undergoes 
malignant degeneration. Leukoplakia, therefore, is to be considered the 
precursor of squamous cell carcinoma. 

Kutzmann reported 1 case of squamous cell carcinoma. The malig- 
nant growth was associated with (1) leukoplakia; (2) intense, chronic 
and destructive pyonephrosis with superimposed infection; (3) calculus, 
and (4) metastatic involvement of the lymph nodes of the renal pedicle. 


Suppuration.—Philippart ® stated that he would prefer to abandon 
the old method of classification of suppuration as hematogenous or 
ascending, as these terms are derived from mental concepts and do not 
represent clinical entities. He would return definitely to the use of the 
anatomicopathologic terminology and speak of pyogenous nephritis, 
which may appear in any one of three forms: (1) miliary pyogenous 
nephritis, (2) anthracoid pyogenous nephritis (resembling giant 
anthrax) and (3) confluent pyogenous nephritis (single or multiple 
abscess), which includes pyonephrosis. 

The diagnosis, which is difficult with the extremely acute form 
and with the latent form of the disease, is generally easily made in the 


5. Kutzmann, A. A.: Squamous Cell Carcinoma of the Renal Pelvis, with 
Special Consideration as to Etiology, J. Urol. 39:487-505 (April) 1938. 

6. Philippart, R.: Suppuration of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol. 2:228-238, 1937. 
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average case. The diagnosis is based on the classic somatic symptoms : 
the discrete bacteriuria, the presence of leukocytosis and the results of 
roentgen examination. Ascending pyelographic and intravenous uro- 
graphic examinations usually will reveal the most important information. 

In considering treatment one must take into consideration the 
possibility of involvement of the opposite kidney, the possibility of 
spontaneous cure and the infrequent need for surgical intervention as an 
emergency measure in such cases. Except for the hyperacute forms of 
the disease, medical treatment should be tried first, together with 
physical therapeutic, dietetic and biologic measures. Such treatment 
may delay the need for surgical intervention, if it does not make it 
unnecessary. Such intervention, when it becomes inevitable, should be 
essentially conservative and should be performed in such a way as to 
minimize trauma. Careful postoperative measures should complete the 
treatment. These should consist of the following procedures: (1) simple 
incision of the walls in cases of perinephritic abscess, (2) decapsulation 
and electrocoagulation in cases of miliary pyogenous nephritis, (3) 
enucleation [with the electric knife] of the necrotic mass in cases of 
pyogenous anthracoid nephritis and (4) opening of the intrarenal abscess 
or of the pyonephrotic lesion in cases of confluent pyogenous nephritis. 

In the majority of cases correct drainage and suitable irrigation will 
bring about complete cure. 

If nephrectomy becomes necessary, it should be done in two stages, 
except in cases in which it can be performed with exceptional facility. 
A short interval between the two stages allows the condition of the 
infected organ to improve and the opposite kidney to regain better 
function. 

Lasio* stated that in the study of nonspecific renal suppuration one 
must bear in mind two fundamental principles: (1) the precise distinc- 
tion between various grades of suppuration and (2) the concept of the 
urinary system as a whole, rather than as made up of separate segments. 
Only with these criteria in mind is it possible to follow the development 
of suppuration in all its stages, which are, in order, as follows: pyelitis, 
pyelonephritis (circumscribed), diffuse pyelonephritis (miliary), solitary 
abscess of the kidney, pyonephrosis, and contracted kidney (post- 
pyelonephritis ). 

On the basis of a study of 418 cases of renal suppuration encountered 
in the urologic clinic of the University of Milan in a period of ten years 
(1923 to 1932 inclusive), Lasio reached the following conclusions : 

The process of endorenal suppuration and all its varieties may be 
reduced to a single anatomicopathologic process consisting of two funda- 
mental factors, namely suppuration and fibrosis, which are associated 


7. Lasio, G. B.: Suppurations of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol. 2:212-225, 1937. 
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in various proportions to constitute a unitary process, the stages of which 
pass from the initial punctiform abscess to the terminal phase of com- 
plete destruction of the organ. These are not different forms; they 
are only different stages, for the most part clearly distinguishable, and 
are associated with renal suppuration in every case. 

In the grave, diffuse forms of suppuration, the hematogenous route 
is the most frequent, whereas with subchronic suppuration of slow course 
and less stormy development the lymphogenous route holds first place. 
The latter route well explains the passage of micro-organisms from 
primary sites in the adnexal, perivesical and ureteral regions to the 
urinary system above. In reality, the pathogenesis of renal infections 
cannot be explained on the basis of any single route of penetration. 
Assumption that more than one route of penetration has contributed to 
the final result is always necessary to a correct interpretation of such 
phenomena. 

With reference to methods of diagnosis, Lasio paid most attention 
to the presence of pyuria, to search for its origin and to examination of 
renal function. Typical of the miliary form is local pain, spontaneous 
or induced, and unilateral hypoazoturia. The urographic findings are 
characteristic in the different forms of the disease. In cases of simple 
pyelitis and pyelonephritis these findings are negative; in cases of 
pyonephrosis and solitary abscess, urographic examination gives invalua- 
ble information ; in cases of the miliary form of the disease, urographic 
examination is of value for the negativity of its results. 

In treatment, permanent drainage of the urinary system holds first 
place ; this may be total (permanent drainage by a catheter left in the 
bladder) or partial (permanent drainage by a catheter left in the renal 
pelvis). Lasio proceeded at once to consider nephrectomy in cases of 
extensive or limited pyonephrosis and in cases of diffuse miliary nephro- 
pyelitis. In a considerable number of cases of the latter, however, 


he has carried out conservative treatment, associating nephrolysis with 
permanent pyelostomy, and obtained results that were truly satisfying. 
Such therapy, however, calls for early diagnosis and for good resistance 
on the part of the patient. 


Dos Santos* said that whereas the essential problem of renal 
suppuration is certainly that of therapy, there is a point in the classifica- 
tion of such an infection that should be clarified. The important thing 
is not to distinguish between descending and ascending infections but 
to distinguish between hematogenous infections of the parenchyma and 
infections of the excretory apparatus, which are nearly always ascending 


8. Dos Santos, R.: Suppurations of the Renal Parenchyma, Kong. d. internat. 
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but sometimes descending in type. He was concerned in this report only 
with hematogenous infections, which constitute a true nosologic entity. 

His comments do not reflect the skepticism of some authors with 
regard to intravenous chemotherapy. In cases of staphylococcic and 
streptococcic infections, especially good results have been obtained by 
administration of mercurochrome, so that in some cases a contemplated 
operation has become unnecessary. For good results large doses are 
necessary, and these must be given early in the course of the disease. 
The results will be more certain if instead of the intravenous route the 
arterial route by way of aortic puncture is chosen. This is because 
urinary antiseptics administered orally or even intravenously are too 
dilute when they reach the kidney to be maximally effective. The 
efficacy of the urinary antiseptic is dependent on the concentration of the 
drug as it passes through the epithelial tubules of the kidney. There- 
fore, intra-arterial administration is favored. Dos Santos emphasized 
the fact that the aorta is the most direct and the most rational route for 
administration of drugs in the treatment of hematogenous infections of 
the kidney. The technic of performing such an injection is simple. The 
injection is absolutely harmless, and there is practically no pain asso- 
ciated with it, according to the author. 

Early treatment is necessary if good results are to be obtained. If 
treatment is instituted within the first two weeks of onset (in cases of 
moderate gravity) there is every chance that arterial injections will 
overcome the infection. If one waits longer, the foci of infection may be 
too extensive, with formation of confluent abscesses or perirenal 
suppuration which render surgical intervention mandatory. 

Of the author’s last 40 patients who had hematogenous suppuration, 
12 were seen and treated in the first or second week of the disease. All 
of these were cured without operation, intra-aortic or intravenous 
mercurochrome therapy, associated with renal diathermy, being the only 
measure used. 

Of 28 patients seen after the second week of the disease, 2 were 
cured without operation and in 1 other a large abscess emptied spontane- 
ously by way of the renal pelvis; the rest of the patients required opera- 
tion, nearly all having perinephritic foci. In some cases it was necessary 
still to use mercurochrome to combat the renal foci that continued to 
develop. In at least 2 cases this prevented the necessity of nephrectomy 
or, at least, of reintervention. 

It should be remembered that injection of an antiseptic directly into 
the abdominal aorta is the surest way of reaching not only multiple foci 
in the kidneys but other sites of infection (hepatic and splenic) along the 
same route. 
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Lepoutre ® stated that he had had occasion to observe 12 cases of 
abscess of the renal cortex and to operate in 10 of them. It is important 
to determine (1) the condition of the patient at the time of examination, 
and (2) the operation to be employed. 

Abscess of the renal cortex may present any one of three pathologic 
pictures: 1. Septicemia of undetermined localization, persisting for 
several months and followed at length by lumbar pain. 2. Lumbar pain 
and tumefaction in the region of the kidney, occurring after a short 
febrile period. In this condition the urine is clear. If the physician is 
consulted early enough, an abscess of the cortex is discovered promptly. 
If intervention is late, perinephritic phlegmon has probably developed. 
3. Persistent fever after an operation for perinephritic phlegmon. The 
fever does not diminish, or, if it does, it reappears after considerable 
time has elapsed. Operation reveals an abscess that is an indication for 
nephrectomy. 

What operation should be performed? In most cases the good 
sense of the surgeon will indicate the type of intervention required. 
A kidney that has been transformed into a purulent sponge justifies 
the performance of nephrectomy ; localized abscesses should be incised 
and dressed after decapsulation. A difference of opinion regarding 
treatment of a true carbuncle exists. In the 2 cases observed by 
Lepoutre, nephrectomy was carried out. 

In certain cases of grave pyelonephritis in which nephrectomy might 
have been regarded as justifiable, Lepoutre drained the renal pelvis, 
performed decapsulation and brought about a cure. A condition of 
this kind is not simple abscess of the cortex. This conservative treat- 
ment of severe pyelonephritis merits attention. 

Fey *° stated that in dealing with suppuration of the renal paren- 
chyma it is important to distinguish between secondary complications 
of some renal infection, which will clear up after the primary infection 
(of which the colon bacillus is the causative agent) has been overcome, 
and infections due to the staphylococcus. The first may be common 
radiating nephritis; not only, however, may it become pyelonephritis 
or pyonephrosis, but it may assume that clinical picture to which Motz 
has given the name “pyonephritis.” One must then suspect an abscess 
of the parenchyma and intervene by performing nephrostomy or nephrec- 
tomy. Infections caused by the staphylococcus, on the contrary, 
strike quickly, attacking the renal parenchyma but not involving the 
excretory tract unless one of the collections of pus within the paren- 


9. Lepoutre, C.: Suppurations of the Renal Parenchyma, Kong. d. internat. 
Gesellsch. f. Urol., 1937, vol. 2. 
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chyma should open, not as usual into the surrounding perirenal tissue, 
but into the excretory passages by way of a calix. In such a case the 
clinical picture is different: it is that of septicemia, a generalized 
process, associated with production of clear urine; it may not even be 
recognized as being situated in the renal parenchyma unless a sys- 
tematic search is made for the origin of the intense pain in the costo- 
muscular angle, on which diagnosis is based. 

In treatment, the main thing is to know when to intervene. This 
is particularly difficult to determine in the presence of subacute infec- 
tion. There are two arguments against early operation. The first is 
that the condition may improve spontaneously or without intervention. 
This argument has a certain value, but it should be remembered that 
spontaneous resorption of an abscess occurs slowly, requiring months 
rather than weeks. The process often is interrupted by relapses, which 
may leave a sclerotic kidney with diminished function, so that cure 
occurs more slowly and less satisfactorily than it would have done if 
operation had been carried out. The second argument against early 
intervention is that if one waits one may localize lesions that were at 
first diffuse and thus may be able to perform a conservative operation, 
whereas if early operation is done the diffuse appearance of the lesions 
may lead one to conclude that nephrectomy is necessary and to remove 
a kidney that might have been saved. 


The second argument has special force in cases of miliary abscess, 
because this condition is sometimes bilateral and may be simultaneously 
medullar and cortical. Decortication is often insufficient, and one may 
easily be led to do a nephrectomy. It seems logical, therefore, not to 
intervene prematurely. 


The situation is different in the presence of. localized forms of the 
disease (single abscess or few abscesses; anthrax of the kidney). In 
such cases temporization has no place and is likely to lead to a reaction 
of perinephritis which will make eventual operation all the more difficult. 

In the first eight days the kidney is free and is easily exteriorized ; 
its surface can be examined throughout to determine whether all the 
abscesses are draining properly. Later, operation becomes difficult 
and dangerous ; perinephritis develops and fixes the kidney, so that not 
only is its exteriorization made impossible but renal exploration becomes 
difficult and dangerous. 

Fey therefore advised late intervention in cases of miliary disease 
and operation as early as possible if focal lesions are present. Pyelo- 
graphic study is an important aid in reaching a decision. The presence 
of deformations in the pyelogram is an argument for immediate inter- 
vention. 
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Marinescu *' stated that suppuration of the renal parenchyma, that 
is to say, pyonephritis, originates by way of the blood stream and is 
usually caused by the colon bacillus or by the staphylococcus. Some- 
times the streptococcus and other microbes may be associated organisms. 

The colon bacillus more frequently causes miliary abscesses in the 
cortex of the kidney, whereas the staphylococcus produces anthracoid 
furuncle of the kidney by means of emboli which lead to more or less 
extensive renal necrosis. In most cases perinephritic abscess follows, 
owing to the opening of the renal abscess into the perirenal zone. 

The symptoms of suppuration of the kidney are those of extensive 
pyemic infection, and the syndrome is completed by clinical signs 
referred to the lumbar region and by urinary symptoms. Signs of 
perinephritic abscess often hold first place, and it is only by careful 
scrutiny of the kidney during operation that one may perceive the 
suppuration within the organ. Modern methods of examination, espe- 
cially urographic study, may confirm the clinical diagnosis. The prog- 
nosis is grave if operation is not performed. Even after the most 
cautious operations the mortality remains high. 

For abscess of the cortex, decapsulation of the kidney is often suf- 
ficient. More often, however, nephrostomy should also be carried out. 
Cauterization with the galvanocautery is indicated for small abscesses. 
For a small furuncle of the kidney, cauterization and curettage should 
be carried out; drainage by means of antiseptic gauze may lead to cure. 
Prompt nephrectomy is indicated if there is extensive destruction of 
the kidney. When a perinephritic phlegmon is present, the collection 
of pus must be opened and the kidney carefully controlled for several 
days afterward if fever persists. A fistula frequently becomes estab- 
lished, and the cicatrized and sclerotic kidney loses its function; when 
this occurs the kidney must be removed secondarily, a procedure accom- 
plished only with great difficulty. 

Beer ** stated that the subject under discussion should be limited to 
primary parenchymal infections whether caused by cocci or by bacilli. 
The coccic infections are the more interesting, and although many are 
readily diagnosed there is a large group that may present serious diffi- 
culties. 

Roentgenologic examination should be done in all cases. Both the 
simple roentgenogram and the urogram may facilitate diagnosis. In 
Beer’s last series of 43 cases in a total of 104 cases of cortical abscess 
caused by cocci (usually Staphylococcus aureus, rarely Staphylococcus 
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albus or Streptococcus), roentgen examination helped in confirming 
the diagnosis in more than 50 per cent. 


Tuberculosis —The time-honored conception that renal tuberculosis 
is primarily unilateral, that it is a surgical condition and that nephrec- 
tomy is indicated when the diagnosis has been made has been under- 
mined by conclusions drawn by some observers from recent experimental 
and pathologic studies. It is contended that the disease is bilateral 
from the onset, that this early bilateral tuberculosis may heal spon- 
taneously on one or both sides and that a chance of cure by medical 
means should be given. Nephrectomy should be postponed, at least 
until the lesion is far enough advanced to allow for establishment of 
some immunity. 

Hinman ** attempted to reconcile the discrepancies in these oppos- 
ing conceptions by a study of 300 patients with renal tuberculosis, on 
181 of whom nephrectomy had been performed, and by a discussion 
of certain practical points regarding diagnosis and treatment. 


He distinguished preclinical from clinical tuberculosis and said 
that findings in cases of the preclinical form should not influence 
the management of the clinical type. Associated with active extra- 
renal tuberculosis, bacilluria without pus may be present, and on micro- 
scopic examination of the kidneys minute bilateral lesions may be 
found. The bacilluria may disappear, and the inference that the early 


lesions have healed spontaneously or under medical treatment is clear. 
The lesion in clinical tuberculosis, on the other hand, is usually uni- 
lateral and will not heal spontaneously. Nephrectomy is indicated. 
The diagnosis is made by the finding of tubercle bacilli and pus in 
the urine on several examinations. 

When pus and tubercle bacilli are found ‘in the urine from each 
kidney at the time of cystoscopic examination, pyelographic study is 
not needed, and its use should be condemned. The diagnosis should 
not depend on excretory urograms, but these may be the means of 
obtaining valuable information about the condition of the opposite, 
nontuberculous kidney and if unsatisfactory may be supplemented by 
retrograde pyelographic examination, all known precautions being 
taken against contamination of the nontuberculous kidney. 

A sterile pyuria without the presence of tubercle bacilli may be 
confusing but can be distinguished by its response to treatment. The 
terminal stages of some pyogenic infections clear up with irrigations 
of the bladder and the renal pelvis. Amicrobic pyuria, which is fre- 
quently reported in the foreign literature, responds promptly to 
administration of neoarsphenamine. 


13. Hinman, F.: Tuberculosis of the Kidney, Surg., Gynec. & Obst. 66:329- 
347 (Feb. 15) 1938. 
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The clinical form of renal tuberculosis is unilateral in 85 per cent 
of cases when first diagnosed, and if the condition is localized in the 
kidney, nephrectomy is 100 per cent curative. When it has spread 
to the bladder or genital tract, nephrectomy is still 60 to 70 per cent 
curative. 

Formation of persistent sinuses after nephrectomy is the result of 
tuberculosis of perineal tissues or of contamination and is not the 
result of tuberculosis of that portion of the ureter which has not 
been removed. As much of the ureter as is accessible should be 
removed, but complete ureterectomy is unnecessary, as the additional 
operative work required by it may be detrimental. 

Alcorn and Buchtel ** briefly reviewed the literature pertaining to 
cultural findings and microscopic studies of the urine in cases of renal 
tuberculosis. They reviewed records of 1,269 cases of coccic and 
bacillary infection of the urinary tract encountered at the Mayo Clinic. 
In only 85 cases did the urine contain Mycobacterium tuberculosis. 
The pu of the urine was noted. The urinary sediment was stained 
with Gram’s stain, and urinary cultures were made. The hydrogen 
ion concentration of the urine was estimated by colorimetric methods. 

The organism most frequently found in this series of cases was 
Escherichia coli. This was the only organism found in the urine in 
743 cases. In these cases the py of the urine varied from 4.6 to 7.7, 
and in approximately half it varied from 5.3 to 5.9. In cases in 
which the infection was attributable to a single type of bacterium, the 
organism next in frequency was Aerobacter aerogenes, which was 
present in 135 cases. In 61.5 per cent of these, the py of the urine 
ranged from 5.3 to 6.3. In 78 cases in which the infection was attribu- 
table to Myco. tuberculosis, the py of the urine varied from 5.0 to 7.1. 
In 50 per cent of these it varied from 5.5 to 6.1. With the exception 
of cases in which urea-splitting organisms were encountered, the py 
of the urine varied slightly in the majority of cases, and it was prac- 
tically the same whatever organism was found in the urine. These 
findings certainly weaken the conception that urine from tuberculous 
kidneys is bactericidal owing to its increased acidity. 

In 38 (47.7 per cent) cases of renal tuberculosis, other organisms 
were associated with Myco. tuberculosis in the urine. Esch. coli was 
recovered in 8 cases, whereas in 9 instances the bacteria were identified 
only by use of the Gram stain. Streptococcus faecalis and Micrococcus 
were each present in 4 cases, whereas cocci were identified by staining 
methods in 20 cases. 


14. Alcorn, K. A., and Buchtel, H. A.: The Urine in Renal Tuberculosis: 
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Alcorn and Buchtel concluded that the finding of ordinary bac- 
teria in the urine does not exclude the presence of renal tuberculosis, 
because in 44.7 per cent of cases of this disease the urine is infected 
secondarily. In most cases the urine has a definite acid reaction. In the 
more frequent pyogenic infections the urine has an equally low acidity. 
Organisms associated with Myco. tuberculosis in the urine do not 
appreciably affect the reaction of the urine unless they split urea. 
Urea-splitting organisms were present in only 7.9 per cent of the cases 
studied. 

Henline and Bray '° presented histories of 7 patients with urogenital 
tuberculosis for whom operations on the urogenital tract were per- 
formed. All these patients died after postoperative cystoscopic exami- 
nation. Evidence that any of the deaths (except 1 due to a surgical 
accident) was either caused or hastened by the urologic procedures 
was not found. 

It was Henline and Bray’s impression that the early operative mor- 
tality in cases of renal or genital tuberculosis is no greater than that 
of major operations for other types of infection. The late mortality 
(between two weeks and five years) is considerably greater, death 
often resulting from one of the usual terminal stages of tuberculosis, 
that is, miliary, pulmonary or generalized tuberculosis, tuberculous 
meningitis or, occasionally, tuberculosis of the remaining kidney. 

Although particular gentleness and care always should be exercised 
in diagnostic or surgical procedures on patients who have tuberculous 
lesions, Henline and Bray concluded that such procedures rarely, if ever, 
cause generalized dissemination of tuberculosis or hasten the fatal out- 
come among patients who eventually die. They concluded that death 
results from gradual progression of the disease and that the urologic, 
diagnostic and surgical procedures are merely noncontributory incidents 
in the course of this progression. Patients seek medical advice because 
their urologic symptoms are becoming exaggerated, and it is probable 
that the increasing severity of urogenital symptoms is a manifestation 
of a progressive tuberculous process in the presence of lowered general 
resistance. 

Early diagnosis and removal of urogenital foci of infection permit 
the patient to combat more readily the general tuberculous infection 
under proper medical supervision. Only by such early diagnosis and 
removal of tuberculous urogenital infection will the morbidity and mor- 
tality of patients suffering from such complications be reduced. 


15. Henline, R. B., and Bray, J. L.: Urogenital Tuberculosis: Complications 
Following Diagnostic and Surgical Procedures, J. Urol. 39:529-547 (April) 
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All patients who have urogenital tuberculosis should be carefully 
studied to determine the stage of the tuberculous process, and after 
surgical removal of the focus of infection they should be urged to 
remain under constant and competent medical supervision. 

Dissemination of tuberculosis by urologic procedures has been 
reported, but it is our opinion that a close analysis of each case will 
lead to the inevitable conclusion that the cause of the fatal termination 
was in progress before any urologic manipulation was undertaken. 

Certain factors are recognized which when properly utilized may 
influence favorably the progress of various tuberculous lesions in the 
urogenital system. Thomas, Kinsella, Stebbins and Petter *® stated that 
these methods are not to be used to the exclusion of surgical treat- 
ment when operative intervention is indicated and other conditions are 
favorable for its use. Certain of these, particularly constitutional treat- 
ment, the use of heliotherapy and adequate treatment of other tuber- 
culous foci, if properly used may add materially to the chances of 
recovery, the comfort during convalescence and the prolongation of life 
of the patient. A broadening of the urologist’s horizon, which will 
permit him to complement or supplement his surgical treatment of 
genitourinary tuberculosis by some of these other methods, will prove 
of benefit to his patients and augment his reputation in the handling of 
patients suffering from this disease. 

Ljunggren ** stated that an ordinary roentgenogram is of value in 
diagnosis of late renal tuberculosis but is rarely so in determination 
of the condition in an early stage. A retrograde pyelogram gives more 
important information than an ordinary roentgenogram, but its use has 
never become as widespread in Europe as in America. Many urolo- 
gists of high standing (Casper, Rubritius, Wildbolz and Hinman) 
oppose it, as they believe it causes extension of the infection. 

Excretory urographic study has been of decided advantage in the 
detection of renal tuberculosis. In Ljunggren’s opinion both methods, 
the retrograde and the intravenous, are now overestimated. More and 
more cases are reported in which tuberculosis is diagnosed on pyelo- 
graphic evidence alone and the kidney, in which even the most minute 
microscopic examination fails to reveal positive signs of tuberculosis, 
is removed. Ljunggren cited several cases that came under his obser- 
vation which confirmed this opinion. The condition in these cases 
turned out to be pyelitis cystica, juvenile malignant renal sclerosis, 
chronic pyelonephritis or an anomaly. Ljunggren advised against 


16. Thomas, G. J.; Kinsella, T. J.; Stebbins, T. L., and Petter, C. K.: Factors 
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making the diagnosis of renal tuberculosis on pyelographic evidence 
alone. He concluded that other diagnostic methods, such as analysis 
of the urine, cystoscopic study, ureteral catheterization, functional tests 
and, above all, demonstration of tubercle bacilli (by examination of 
the smear directly, by culture or by inoculation of guinea pigs) are 
essential. 

Hypertension and Renal Disease-——Boyd and Lewis ** reported a 
case of nephrectomy for arterial hypertension which is of considerable 
surgical interest, because the true condition was brought to light after 
bilateral simultaneous exposure of the adrenal glands and the kidneys 
had been performed. This was followed by nephrectomy. The patient 
was relieved of his symptoms, and his blood pressure returned to 
normal. 

On admission the patient’s blood pressure was 200 mm. of mercury 
systolic and 120 diastolic. Intravenous pyelographic study indicated 
good secretion of iodide in five minutes from both kidneys. The right 
kidney had normal delicate calices, a normal extrarenal pelvis and a 
normal ureter. The adrenal gland was well visualized and appeared 
normal. The left kidney had very delicate calices. The left renal pelvis 
was smaller than the right. The ureter was normal. 

Exploration of the adrenal gland and the kidney (bilaterally) and 
nephrectomy (on the right) were performed. The patient was placed 
on the operating table in Young’s position for bilateral simultaneous 
exposure of the adrenal glands, face downward with the hips flexed 
at about 55 degrees, the chest and pelvis being elevated on cushions. 
The abdominal contents sagged between the cushions. The kidneys and 
the adrenal glands were explored simultaneously. The adrenal glands 
were normal. The right kidney, which was infarcted, was removed. 

The right kidney was 10 by 6.5 by 3.5 cm. and weighed 138 Gm. 
The appearance of the posterior surface of the kidney was normal 
except for a bright yellow depressed area 2 cm. wide at the upper pole. 
This lesion was continuous with a depressed area replacing the cortical 
substance of the upper half of the anterior surface of the kidney. On 
section the lesion was found to involve a segment of the kidney from 
the pedicle, spreading out toward the cortex in the shape of a fan. 
Infarction was obvious. Thickening of the arterial walls was apparent. 

After operation the blood pressure was 120 mm. of mercury systolic 
and 80 diastolic. Evidence of shock’ was not present. The patient 
returned to his home to rest for three weeks and then resumed his 
normal activities. His blood pressure, reported by his physician, was 


18. Boyd, C. H., and Lewis, L. G.: Nephrectomy for Arterial Hypertension: 
Preliminary Report, J. Urol. 39:627-635 (May) 1938. 
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130 systolic and 80 diastolic. He felt well and carried on his normal 
activities. 

At operation both adrenal glands were exposed simultaneously, 
carefully isolated and compared. Some of the nerves were probably 
severed in the process. Thus, partial denervation of the adrenal glands, 
as described by Crile, may account for relief of the hypertension, but 
immediate improvement in the condition did not occur, which is con- 
trary to expectation if this hypothesis were true. It seems probable 
that the arterial disease of the right kidney was responsible for the 
hypertension. The infarct was of secondary importance but served to 
call the operator’s attention to the condition. Had the infarct not 
occurred, nephrectomy probably would not have been done. The clinical 
result in this case to date seems to justify the use of the procedure. 

Leadbetter and Burkland*® gave a résumé of experimental work 
on production of hypertension by constriction of the renal arteries of 
animals, paying particular attention to the fact that partial constriction 
of only one renal artery results in definite, sustained hypertension. 

A case showing the clinical application of the experimental work 
was presented. The patient was a Negro boy aged 5% years, with a 
severe degree of hypertension known to have been present for three 
years. Apparent cure was effected by removal of an ectopic kidney, 
the main artery of which was partially occluded. 

The cause was found to be an intra-arterial mass of smooth muscle, 
which was thought to be congenital. 

A discussion of theories attempting to explain the mechanism of the 
production of hypertension in a case of this sort, as well as sugges- 
tions for further study of the problem by differential tests of renal 
function, was offered. The splendid results obtained should stimulate 
investigation of the kidneys as a possible source of malignant hyper- 
tension in cases in which sympathectomy or excision of adrenal 
glandular tissue is contemplated. 

Barker and Walters *° discussed the work of Goldblatt, which has 
demonstrated that hypertension can be produced experimentally by 
partial obstruction of the renal arteries. This work has revived the 
theory which associates hypertension with renal disease. The hypothesis 
has been advanced by certain investigators that this renal type of hyper- 
tension is produced by liberation of some pressor substance within the 
kidney. This has not yet been definitely proved. Longcope observed 


19. Leadbetter, W. F., and Burkland, C. E.: Hypertension in Unilateral Renal 
Disease, J. Urol. 39:611-626 (May) 1938. 
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hypertension in 11 of 22 cases of chronic bilateral pyelonephritis. 
Barker and Walters reported a case of unilateral chronic atrophic 
pyelonephrosis in which hypertension appeared after chronic pyelo- 
nephritis was well developed and in which the blood pressure returned 
to normal limits after nephrectomy. 

The patient was a man aged 42, who came to the Mayo Clinic in 
November 1937 because of hypertension. Four years previously uretero- 
lithotomy on the right side had been performed, and after this operation 
he had no further symptoms referable to the urinary tract, although 
examination at the time of the operation revealed definite hydro- 
nephrosis on the right. His blood pressure, which had been determined 
previously, was normal until August, when it was found to be 200 
systolic and 140 diastolic. The right kidney on previous examination 
had been relatively normal (except for hydronephrosis) until October, 
when it was found greatly contracted. A familial history of hyper- 
tension was not obtained. [¢xamination gave essentially negative results 
except for generalized evidence of moderate arteriosclerosis. The urine 
contained erythrocytes (grade 1) and pus (grade 3). All other labo- 
ratory studies gave essentially negative results, except that examination 
of an intravenous urogram showed contraction and distortion of the 
right kidney. The left kidney appeared normal. Function on the right 
side was definitely reduced. The blood pressure in millimeters of mer- 
cury varied from 232 systolic and 135 diastolic to 170 systolic and 
120 diastolic. Nephrectomy on the right side was done; the kidney was 
found to be approximately half the normal size. It had a very nodular 
surface. Histologically a considerable portion of the parenchyma was 
replaced by fibrous tissue. The arcuate and interlobular arteries showed 
definite thickening of their walls. During the first eleven postoperative 
days the blood pressure gradually fell to 140 systolic and 100 diastolic. 
Three weeks after operation the average blood pressure was 135 sys- 
tolic and 95 diastolic. Two months after operation the patient’s blood 
pressure still remained at 130 systolic and 90 diastolic. At the time of 
the report it was, of course, impossible to determine what the ultimate 
result would be in this case. 


Hydronephrosis.—Hepler *' stated that the intrarenal changes asso- 


ciated with hydronephrosis consist chiefly in anemic atrophy of the 
parenchyma, induced by back pressure and the effect of pelvic distention 
and tubular dilatation of the renal circulation. Tubular dilatation is 
followed by collapse and atrophy, and there is a general degeneration 
of tissue and relaxation caused by anemia, which in turn favors a more 
rapid dilatation from back pressure. 


21. Hepler, A. B.: Intrarenal Changes in Hydronephrosis, J. Urol. 38:593- 
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The importance of circulatory disturbance to hydronephrotic atrophy 
was emphasized by experiments in which, in addition to ureteral liga- 
tion, the circulation was further disturbed. This resulted in a greatly 
accelerated rate of development of hydronephrosis despite reduction in 
urinary output and secretion. Because of the relations of the renal 
circulation the changes of hydronephrotic atrophy show a group dis- 
tribution. 

After relief of obstruction there is improved circulation with 
improved function and hypertrophy of the less damaged glomerulo- 
tubular units. The repair, like the damage, is not uniform and diffuse 
but shows group distribution. ; 

Although the changes of hydronephrotic atrophy are constant, the 
rate of development and the degree of hydronephrosis vary with the 
situation and the type of obstruction. 

Infection may modify profoundly the development of hydro- 
nephrosis and the process of repair. In the early stages of obstruction 
its onset may cause primary atrophy without hydronephrosis. In the 
later stages of obstruction, after hydronephrosis has progressed, infec- 
tion may cause secondary atrophy and shrinkage. Likewise, it may 
hinder the process of repair after relief of obstruction has been accom- 
plished, and infection is an important factor contributing to the failure 
of operation in such cases. 

*2 reported the operative results in 
71 cases in which conservative operations had been done for non- 


Walters, Cabot and Priestley 


calculous hydronephrosis. All cases in which primary nephrectomy was 
performed, all in which heminephrectomy was done and all in which 
hydronephrosis was associated with calculi were excluded from the 
report. 

The operative mortality rate in this group of 71 patients operated 
on at the Mayo Clinic during the past eight years was 2.81 per cent. 
Secondary nephrectomy was required in approximately 21 per cent of 
cases. The incidence of secondary nephrectomy during recent years 
has been materially reduced. Satisfactory follow-up studies were 
obtained in 46 of the 71 cases. Twenty-five of the 71 were excluded 
because in 8 cases evaluation of the late results following operation 
was inadequate, in 15 cases nephrectomy was subsequently performed, 
and 2 patients died. Various types of operation were performed. 
These included resection of the renal pelvis with reimplantation of the 
ureter, division of anomalous vessels supplying the lower pole of the 
kidney, ureteropyeloneostomy, ureterolysis and miscellaneous proce- 
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dures. Nephropexy was performed in 19 cases. In some of the earlier 
cases nephrostomy was not employed; however, during recent years 
this has become a routine procedure in association with all plastic 
operations for hydronephrosis. The importance of using a ureteral 
“splint” catheter and leaving it in place for a sufficient time after oper- 
ation was emphasized. 

Twenty-six patients were reexamined personally, and urologic inves- 
tigation was conducted at an appreciable interval after operation. The 
late results obtained in these cases are classified as follows: 

1. Excellent results occurred in 5 cases. The patients were relieved 
of all symptoms. The renal pelvis, as demonstrated urographically, was 
definitely smaller than before operation and emptied completely in a 
normal period. 

2. Good results occurred in 8 cases. The patients had complete 
relief of symptoms, and the renal pelvis was apparently smaller, as 
shown urographically. The renal pelvis emptied within a reasonable 
time but not within what may be regarded as normal limits. 

3. Improvement occurred in 5 cases. The patients had complete 
relief of symptoms, and the function of the kidney was as good as or 
better than before operation, but there was still definite abnormality in 
the size of the renal pelvis or calices. 

4. Improvement failed to occur in 8 cases. 

Late results in the remaining 20 cases were evaluated by information 
obtained from questionnaires. The condition of the patients was 
recorded as follows: that of 7, good; that of 8, improved; and that of 
5, unimproved. The results in all cases, as evidenced by pyelograms 
and letters, showed the condition of the patients to be as follows: that 
of 5, excellent ; that of 15, good; that of 13, improved; and that of 13, 
not improved. Therefore, 33 of the 46 patients (71.7 per cent) defi- 
nitely benefited by the operation. 


Pyelitis—De Beaufond ** stated that the dominant feature in the 
pyelitis of pregnancy is atonic dilatation of the excretory apparatus of 
the kidneys. This dilatation is not uniform throughout the entire tract 
of the ureter, nor does it exclude contractility, but the contractions 
differ essentially from the normal extragravidic type, being more widely 
spaced and deeper, producing massive ejaculations. These manifesta- 
tions are more pronounced as a rule on the right side; they occur with 
pregnancy and disappear after parturition. They generally appear at 
about the fourth month and are more severe at the end of pregnancy. 
Tonicity and motoricity begin early to show variations, commencing 
with the ureter, but de Beaufond has found that the most sensitive 


23. de Beaufond, F. H.: L’influence de la grossesse sur l'appareil excreteur du 
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point is the ureteropyelic sphincter, which promptly shows signs of 
insufficiency. Variations in the urinary circulation also appear: the 
dilated ureter evacuates its contents slowly, and the delay is often con- 
siderable. Its main characteristic is a slowing down, with stasis, fol- 
lowed by evacuation in large quantities. 

These manifestations represent a physiologic adaptation in which a 
mechanical and a dynamic factor are present. The mechanical factor 
consists not only of the pressure exerted by the gravid uterus but also of 
the active role played by fetal movements, which strike the ureter and 
cause contractions and evacuation of urine. This is a subject that has 
received little study. The dynamic factor reveals itself by the presence 
of hormones in the blood stream and in the urine. This modified blood 
nourishes the excretory apparatus, the function of which is to transport 
the equally modified urine. The usual conditions of function are thus 
doubly changed. It appears that the dynamic action precedes the 
mechanical action. 

This newly established physiologic equilibrium brings with it func- 
tional troubles, of which the pyelitis of pregnancy is the most usual 
expression. Slowing down of the circulation and stasis within the 
excretory passages are peculiarly favorable to infection. And yet this 
pyelitis of pregnancy is by no means as frequent as the new mode of 
functioning of the urogenital structures would lead one to expect. One 
is tempted to believe that the hypertrophy of the muscularis and of the 
mucosa, anatomically observed, represents the development of means of 
defense, counterbalancing by an increased contractility the atonic dilata- 
tion and protecting with a mucous barrier, similarly reenforced, the 
excretory passages threatened with infection. This view is upheld by the 
fact that the course of this essential pyelitis of pregnancy is generally 
benign. In tuberculous conditions this benign course does not prevail. 
Other pathologic conditions of the excretory passages, however, such 
as lithiasis, malformations and calculi, are rather well tolerated. Even 
severe hydronephrosis may fail to give any trouble during pregnancy. 
In cases in which infection assumes a gravidotoxic form, the origin 
of this factor lies outside the excretory tract. When complications do 
arise, the pathologic state of the excretory canal aggravates their results. 
Early diagnosis is therefore of first importance. Roentgenographic and 
urographic study, together with catheterization, give invaluable informa- 
tion in the presence of this condition. 


Rupture——The seriousness of rupture of the kidney cannot be deter- 
mined on the basis of clinical symptoms alone. Domrich ** stated that 
his experience with excretory urography is still too limited in such cases 


24. Domrich, H.: Versuche iitber die Funktion verletzter Nieren, Ztschr. f. 
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to give him a complete understanding of the pathologic changes present. 
It is necessary to know what happens to a kidney in the period after 
rupture has taken place and how it reacts to slight and severe trauma. 
Domrich’s experiments tend to show what happens during this period. 
Using rabbits under local anesthesia, he freed the left kidney, trauma- 
tized it with his fingers and injected 20 cc. of skiodan immediately after 
the operation, repeating the injection a few hours later and a few 
days later. 

He obtained the following results. Secretion of the kidney con- 
tinues after trauma as long as the tissue and the renal blood supply are 
still intact. During the period of recovery the secretion of the trauma- 
tized as well as that of the intact kidney is less than that observed 
immediately after the trauma. Excretory urographic examination, 
therefore, can reveal the gravity of the lesion only immediately after the 
rupture. It indicates which side is involved but does not reveal the 
extent or type of the lesion. 

Hematoma.—Coppridge ** presented a case of spontaneous sub- 
capsular renal hematoma with unruptured capsule. Regardless of the 
fact that ordinary functional studies before operation showed normal 
renal function, the microscopic study of the organ revealed definite 
intercapillary glomerular nephritis. The changes in the vessels of the 
kidney suggest that the hemorrhage was probably the result of these 
changes and the associated high renal vascular pressure. These findings 
support the researches of Htibner and of Polkey and Vynalek in their 
contention that subcapsular hemorrhages most often are caused by eleva- 
tion of renal vascular pressure. 


Perinephric Cysts —Henthorne ** reviewed the literature on peri- 
nephric cysts and collected 20 cases. The clinical data obtained from 
this review were discussed. 


The average age of the patients was approximately 60 years. The 
majority were men. In 11 cases there was a history or evidence of 
obstruction, infection or calculus in the kidney. In 8 cases there were 
other lesions generally presumed to be congenital anomalies. This fact 
alone offers some evidence for the congenital origin of peripelvic 
lymphatic cysts, but the fact that such cysts are usually encountered 
in patients of advanced age favors the theory that they are acquired. 

Perinephric cysts were an incidental finding at necropsy in all cases, 
with 1 exception, in which the presence of a small cyst was suggested 
from urographic evidence. The causes of death in these cases were 


25. Coppridge, W. M.: Spontaneous Subcapsular Renal Hematoma, J. Urol. 
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entirely unrelated to the peripelvic cysts. In 10 cases the cysts were 
multiple and bilateral ; in 3 cases they were multiple and unilateral ; and 
a single cyst occurred in each of 7 cases. The cysts had thin walls and 
contained a thin, clear albuminous fluid apparently void of any kind of 
pigment. The cysts varied in size from microscopic lymphatic ectasia 
to 5 cm. in diameter and had an average diameter of approximately 
1 cm. Gross and microscopic pictures were presented. Henthorne 
concluded that cortical cysts of the kidney are not related etiologically 
to dilated lymphatic vessels. 

Physiology—Snapper *" stated that in addition to the hydrotropic 
action of sodium salicylate, sodium hippurate and sodium mandelate, the 
presence of different colloids in the urine may also contribute to the 
solution of insoluble salts. In particular, chondroitic sulfuric acid and 
nucleic acid may help to keep the insoluble salts in solution. 

However, for calculogenesis the precipitation of colloids is more 
important than the precipitation of salts. In the formation and growth 
of renal stones, flocculation of colloids is the primary process and is 
followed secondarily by incrustation with salts. 

Therefore, it must be possible to prevent the formation of stone by 
preventing precipitation of colloids. Different organic salts can be used 
for stabilizing solutions of colloids. Experiments in vitro show that the 
hippuric acid of the urine must belong to these colloid-stabilizing 
substances. 

Thus the hippuric acid of the urine might: (1) prevent formation of 
nuclei of stones by stabilization of the colloids, and (2) prevent secon- 
dary incrustation by its hydrotropic action. As a matter of fact, admin- 
istration of sodium benzoate by mouth did: (1) prevent formation of 
stone in rats given a rich diet of calcium carbonate; (2) cause 
phosphaturia in man to disappear, and (3) diminish the attacks of renal 
colic among patients. Other more powerful stabilizers of the colloids 
in the urine (salicylates, mandelates) might be used for this purpose. 


Function.—Habein and Mulrooney ** stated that preservation and 
maintenance of adequate renal function is one of the most important 
considerations in the management of patients with lesions of the urinary 
tract. Functional disorders of the kidney associated with diseases of 
the urinary tract, which are often called “surgical” diseases of the 
kidney, differ etiologically, pathologically, therapeutically and prog- 
nostically from so-called medical nephritis. Hypertension and arterio- 


27. Snapper, I., in discussion, Kong. d. internat. Gesellsch. f. Urol. 2:254-260, 
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sclerosis are not directly related to surgical diseases of the kidney, as is 
so often true in cases of glomerular nephritis. 

Alterations in various components of the plasma may seriously 
affect renal function and retard its improvement. A knowledge of the 
physiologic mechanism of renal function is essential. 

The maintenance of a proper water balance is one of the most 
important factors in complete renal function, and the modern use of 
fluids intravenously is one of the significant advances in medicine. 
That this method of supplying fluids parenterally is sometimes a life- 
saving measure cannot be doubted. There does not seem to be, however, 
a uniformity of opinion at present as to the amount and composition of 
intravenous solutions which should be used for various conditions. 

Edema is not a frequent complication in surgical diseases of the 
kidney, but it may develop as a result of excessive intake of fluids, 
especially saline solution. The use of a 5 per cent solution of dextrose 
intravenously is probably preferable when fluids are to be given paren- 
terally, unless there is a specific indication for other types of fluid. 

The extrarenal causes of renal insufficiency, such as the toxemia 
associated with prolonged vomiting and obstructive lesions in the upper 
part of the gastrointestinal tract, play an important role in postoperative 
complications. Their role in renal insufficiency must be considered. 

Lowering of the protein content of the plasma, when associated 


with malnutrition, anorexia and suppurative drainage, may occasionally 
be one of the factors in the production of edema. 


The*acid-base regulation of the plasma is an important considera- 
tion in maintenance or improvement of renal function. One of the 
nonexcretory functions of the kidney is the manufacture of ammonia. 
In the presence of renal insufficiency this mechanism is disturbed, and 
such disturbance results in acidosis. The treatment of acidosis asso- 
ciated with renal insufficiency by the use of intravenous alkalis, sodium 
lactate and lactate-Ringer solution was discussed. 


ADRENAL TUMORS 


Scholl 2° reported a case of tumor of the adrenal cortex. The 
patient was a young woman who came for treatment of high blood 
pressure, which had been about 200 mm. of mercury (systolic) for 
several months. For three years she had been gradually losing her 
hair, and recently it had become extremely thin. Eighteen months 
prior to examination her menstrual periods had ceased completely, 
after several months of lessened flow. During the last year she had 
noticed a growth of hair on her face, which she described at first as 


29. Scholl, A. J.: Tumors of the Adrenal Cortex, J. Urol. 39:81-9] (Feb.) 
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“lanugo” but which at the time she was first seen was so thick and 
noticeable that it required periodic shaving. She had grown fleshy 
in the chest, the face and the neck. Physical examination showed 
increased adiposity of the face, the chest, the abdomen and the breasts. 
The blood pressure was 208 mm. of mercury systolic and 126 diastolic. 

Cystoscopic examination revealed normal renal function. Pyelo- 
grams showed that each kidney was normally situated. Evidence of 
torsion, ptosis or extrarenal growth was not present. Bilateral explor- 
ation of both adrenal glands was made, and in the region of the left 
adrenal gland a pigmented, smooth, rounded, nonadherent mass about 
4 cm. in diameter was found. This was removed. The opposite adrenal 
gland was small but apparently not abnormal. 

After operation the blood pressure dropped rapidly in spite of 
injections of large amounts of saline solution, extract of adrenal cortex 
and epinephrine. The patient did not survive the operation. 

Necropsy revealed that the remaining adrenal gland was greatly 
atrophied and that the small amount of renal tissue remaining on the 
left side, from which the tumor had been removed, had been destroyed 
by infarction. The pituitary gland and ovaries were not abnormal. 


URETER 


Injury.—Feiner *° stated that it is likely that during the course of 
pelvic operation a certain number of unilateral ligations of the ureter 
occur, which are not recognized and do not provoke immediate symp- 
toms but the ultimate result of which is that autonephrectomy occurs 
on the corresponding side. This accident may occur during any pelvic 
operation, but it is frequently associated with radical abdominal or 
vaginal hysterectomy and especially with operative procedures for the 
removal of intraligamentous tumors. 

As an index of the seriousness of ureteral injury, the mortality 
figures cited by Bland, of 33.3 per cent for bilateral and 18.8 per cent 
for unilateral injury, may be mentioned. 

The most frequent sequelae of ureteral injury are vaginal and 
abdominal fistulas. If a ligature or clamp has been placed on either 
one or both ureters, if the injury is detected at the time it is inflicted 
and if there is evidence that the vitality of the ureter has been so 
imperiled that a fistula is likely to develop, immediate repair should 
be done in the form of ureteroureteral or ureterovesical anastomosis. 
In the case of bilateral occlusion discovered after operation, with immi- 
nent danger of uremia, immediate deligation is the operation of choice, 
provided that the patient’s condition is such that this hazardous and 
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time-consuming operation can be endured. Nephrostomy may be the 
most feasible procedure when intra-abdominal procedures are contra- 
indicated by the gravity of the patient’s condition. If possible this drain- 
age should be bilateral. 

Feiner, in view of his results of 100 per cent mortality with 2 intra- 
abdominal deligations, concluded that nephrostomy with subsequent 
operation for ureteral anastomosis or vesical implantation is a much 
safer and therefore a preferable procedure. 

Tumor.—Rusche and Bacon *' reported 2 cases of primary ureteral 
tumor, in 1 of which the growth was benign and in the other malignant. 
In each of these cases the tumor was diagnosed preoperatively by means 
of pyeloureterograms. A simplified method of obtaining pyelouretero- 
grams was described, and it was suggested that this is an improvement 
in diagnostic procedure which will enable the only pathognomonic sign 
of ureteral tumor, the filling defect, to be visualized with less difficulty 
than formerly. A review of the literature on primary tumors of the 
ureter was included by these authors. 

Ureteral Transplantation—Farrell and Lyman* presented an 
improved technic for ureterointestinal anastomosis. It differs from 
other technics in that after the usual incision in the bowel the submucosa 
is separated from the circular muscle at the lowest portion of the 
incision and is brought out through a small opening in the muscularis. 
A side to side anastomosis is then made between this tab of mucosa 
and the ureter, and a large silk suture is inserted to act as a sawing 
ligature to make the opening. This is done after a second line of 
suture brings the ureter and mucosa together above the first line, with 
the sawing ligature between. The ureter between the bladder and the 
anastomosis is then ligated and divided. (Farrell and Lyman con- 
sidered this important because in the use of the ordinary transfixion 
suture with the ureter still attached to the bladder as in the Higgins 
operation, unless the urine is forced through the anastomotic opening 
immediately the opening tends to close. They said that the stoma 
closes if the ureter remains connected with the bladder for six to eight 
weeks.) The anastomosis is covered by interrupted sutures through 
the serosa and the muscularis in the usual manner. 

This operation has the advantages of firmly uniting the bowel and 
the ureter before the stoma is made, thereby avoiding opening either the 
bowel or the ureter directly into the peritoneal cavity. However, the 


stoma is made immediately by the sawing ligature technic and is not 


31. Rusche, C., and Bacon, S. K.: Primary Ureteral Neoplasms: Report of 
Two Cases and Review of the Literature, J. Urol. 39:319-340 (March) 1938. 

32. Farrell, J. L, and Lyman, Y.: Aseptic Uretero-Intestinal Anastomosis, 
Surg., Gynec. & Obst. 66:657-662 (March) 1938. 













































SCHOLL ET AL—UROLOGIC SURGERY 693 t 
dependent on the sloughing of a transfixion suture, with its tem- 
porary obstruction and its uncertainties. Likewise, the urine is forced 
through the stoma by ligation and division of the ureter distal to the 


opening, which assures its continued patency. fl 





Studies of necropsies, including roentgenograms of 7 dogs which 
survived six months after this procedure, form the basis of Farrell 
and Lyman’s conclusions. 


ae 


The operation of ureterosigmoidostomy for diversion of the urinary 
stream has been accepted as the procedure of choice in cases of 
exstrophy of the bladder, irreparable vesicovaginal fistulas and intract- 
able interstitial and tuberculous cystitis, as well as in selected cases of i 
carcinoma of the bladder. F 

Nephrostomy, pyelostomy and ureterostomy as permanent creations 
have distinct disadvantages. With the advent of excretory urography 
it can be shown that the rectum serves adequately as a reservoir for 
urine and that the upper portion of the urinary tract is not damaged 
by transplantation of the ureters to the bowel. Therefore, this pro- 
cedure should be adopted more frequently to permit total cystectomy 
for carcinoma of the bladder. 

A wide variety of methods is available for treatment of tumors of 
the bladder, and the selection of the proper one will depend on the size 
of the tumor, its character (whether infiltrating or papillary), its posi- 
tion in the bladder and its grade of malignancy according to Broders’ 
classification and whether single or multiple tumors are present. 

The results of treatment are discouraging. Of 658 patients reported 
to the carcinoma registry of the American Urological Association, 45.9 
per cent of patients who had tumors of grade 1 were alive after five . 
years. Of patients with tumors of grade 2, 25.7 per cent remained i 
alive after the same period; of patients with tumors of grade 3, 13.9 
per cent, and of patients with tumors of grade 4, 4.3 per cent. Of this 
entire group, only 15.9 per cent were reported to be without evidence 
of cancer. 

Most of the patients died of urinary. obstruction with attendant 
urosepsis and uremia. The incidence of metastasis from carcinoma 
of the bladder is low, but because of encroachment on the ureteral ori- 
fices and secondary infection with pyelonephritis and hydronephrosis, t 
60 per cent of the patients died from renal causes. ; 

Although total cystectomy preceded by ureterorectoneostomy has a j 
limited application, Higgins ** recommended it: (1) when the carcinoma 
is situated at the base of the bladder and the ureteral orifices are 






33. Higgins, C. C.: Cystectomy and Transplantation of the Ureters into the a 
Bowel for Carcinoma of the Bladder, Surg., Gynec. & Obst. 66:549-556 (Feb.) } 
1938. | 
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encroached on or the vesical sphincter is so involved that adequate local 
treatment would exert a destructive action on the ureteral orifice or 
would cause incontinence; (2) when extensive single or multiple infil- 
trating tumors are present; (3) when multiple, recurring tumors 
develop rapidly and cannot be controlled by fulguration, so that they 
eventually fill the bladder, and (4) when radical segmental excision of 
the bladder is not possible and it is believed that sufficient radium can- 
not be implanted for complete destruction of the tumor. Similarly, 
when a cystogram revealed evidence of much more extensive involve- 
ment of the vesical wall than was suspected on the basis of the cysto- 
scopic picture, Higgins recommended the radical operation. 

In addition to these four possibilities, certain other factors must be 
taken into consideration before the radical operation is recommended: 


1. Renal function must be satisfactory, preferably in both kidneys 
but at least in one. In 3 instances Higgins has transplanted the ureter 
from the normal kidney into the bowel, finally performing the cystec- 
tomy after removing the opposite kidney because of infection and com- 
plete loss of function as the result of a vesical tumor obstructing the 
ureter. 

2. The presence of metastasis or evidence of local extension of the 
malignant lesion must be taken into consideration. If at the time of 
transplantation of the ureters clinical evidence of extension of the car- 


cinoma beyond the confines of the bladder is noted, Higgins concluded 
that the radical operation is inadvisable. Palpation of the regional 
lymph nodes and those at the bifurcation of the aorta is a routine 
procedure. 


3. Intravenous urograms should be made to demonstrate that the 
caliber of the ureters is such that their implantation into the bowel is 
technically possible. ° 

4. As Quinby has mentioned, demonstration of an actively growing 
carcinoma should be made by microscopic examination (biopsy). 

Preoperative care should be governed by the following rules. 

1. A liquid, nonresidual diet is supplemented by candy, dextrose and 
gelatin. 

2. One thousand cubic centimeters of a 10 per cent solution of 
dextrose is administered intravenously each day. The dextrose is given 
with saline solution if renal function is not impaired, but if function is 
decreased, distilled water is substituted for the saline solution. 

3. Magnesium sulfate is administered orally each day. One ounce 
(30 cc.) of magnesium sulfate is dissolved in 8 ounces (240 cc.) of 
water, 1 ounce of this mixture being taken every half hour, starting at 
7 a.m. None, however, is used on the day prior to the operation. 

4. The bowel is cleansed by a daily enema. 
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5. Provided there are no other complications, the number of days of 
preparation before operation depends on renal function and on the 
cleanliness of the bowel. When enemas return clear, the bowel is con- 
sidered clean. On the day before the operation an enema is given both 
in the morning and at night. 

6. Three doses of camphorated tincture of opium, each of 2 drachms 
(7.3 cc.), are prescribed at intervals of two hours, usually from 4 to 
8 p. m. on the day before the operation. 

7. Blood transfusions are used when indicated by the condition of 
the patient and that of the blood. 

8. Complete study of the upper portion of the urinary tract is made 
by tests of function and by intravenous urographic study. 

9. Urinary antiseptics are administered intravenously or orally as 
indicated. 


10. Miscellaneous supportive measures are employed as necessary. 


The Coffey I (Coffey-Mayo) operation is employed for patients who 
have impaired renal function or in the presence of varying degrees of 
dilatation of the ureters. The operation is done in two stages, followed 
by cystectomy. The Higgins modification of the transfixion suture 
technic is used when the ureters are of normal caliber and when renal 
function is only slightly impaired. The use of indwelling ureteral 
catheters (Coffey II) is unnecessary. 

An exacting postoperative regimen is essential, and the following 
routine has given the most satisfactory results in Higgins’ hands. 

1. The patient is maintained in a supine position for at least eight 
hours if spinal anesthesia is used ; then he is placed in Fowler’s position. 

2. The blood pressure is taken every fifteen minutes until it returns 
to normal. 

3. Fluids are not administered by mouth for forty-eight hours, and 
then small amounts of water are taken orally for twelve hours. During 
the following twelve hours, clear fluids are given (1 ounce hourly), and 
this amount is gradually increased. A diet low in residue is then given 
for five to seven days. 

4. The intake of fluid is maintained at 3,000 cc. daily. For the first 
two days, 2,000 cc. of 10 per cent solution of dextrose is administered 
intravenously and 1,000 cc. of saline solution is infused daily. After 
this period, fluids are given intravenously as indicated by chemical 
studies of the blood and by the amount of fluid taken by mouth. 

5. Narcotics are given as necessary. 

6. A rectal tube is inserted at the time of operation. This may be 
changed but is replaced and left in the rectum for eight to ten days. 
The rectal tube is irrigated gently at intervals of two to three hours to 
insure patency. When the transfixion suture technic is employed, gentle 


PREPS. aE 


Sh eS 





696 ARCHIVES OF SURGERY 


traction is made on the rectal tube at the end of twenty-four, thirty-six 
and forty-eight hours until the tube containing the silk sutures is 
expelled. A plain rectal tube is then reinserted for five to seven days. 

7. Chemical studies of the blood, i. e. determinations of the urea con- 
tent and the creatinine content, are made daily until these concentrations 
return to normal. 

8. Ten cubic centimeters of a mixture of methenamine and 
acetylaminosalicylic acid (a proprietary product called salihexin) is 
combined with the solution of dextrose given intravenously as a urinary 
antiseptic for the first three or four days after the operation. 

9. General supportive measures are prescribed as indicated. 

This careful preoperative and postoperative preparation reduces the 
incidence of peritonitis and acute renal infection. Improvements in 
technic have reduced the late complications, particularly obstruction and 
progressive hydronephrosis. 

For 34 patients at the Cleveland Clinic, total cystectomy was preceded 
by ureterorectoneostomy. Insufficient time had elapsed at the time of 
the report to warrant statements as to the percentage of five year cures. 
The immediate results, however, were gratifying, and Higgins expressed 
optimism as to the future of this procedure. 

Pain.—Ockerblad and Carlson ** stated that the most common area 
in which ureteral pain occurs is in the lower quadrant, on or below a 
line drawn between the anterior superior spines of the ilium, halfway 
between the midline and the spines. On the right it is always inside, 
below McBurney’s point and distinct from it. This point has been 
designated the focal point of ureteral pain. 

Referred pain over the iliac crest has its origin in the upper portion 
of the ureter from the level of 26 to that of 28°cm. Immediate supra- 
pubic pain has its origin in the terminal 1 or 2 cm. of the ureter. Genital 
pain, involving the labia or clitoris in the female and the penis and 
testicles in the male, has its origin most often in the lower third of the 
ureter. 


Pain down the inner aspect of the thigh and leg is most frequent in 
the middle portion of the ureter or in the middle third, occurring from 
the level of 5 to that of 20 cm. 

Renal pain is always in the back, at a point the center of which is the 
costovertebral angle, embracing a circular area about 8 to 10 cm. in 
diameter. Occasionally, ureteral pain may be referred to the anterior 
or lateral aspect of the thigh. 


34. Ockerblad, N. F., and Carlson, H. E.: The Distribution of Ureteral Pain, 
J. Urol. 39:745-750 (June) 1938. 
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